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CONTRIBUTIONS TO OU^B^JJJOWtmnjBOF THE 
CRANIAL morphology 

GENERA OF FROGS.— Part H. 

By S. Ramaswami, 

Department of Zonlaijy, Central CoUeyc, BanyaKr^ 

Received Afay 27, 1935. 

( Cnnimuiiiratc'd by Prof. C. F<. Narayan Rao, m..\.) 

Introduction. 

In my previous paper (author, 1932) I described some aspects of Ihe cranial 
morphology of some species of the two genera Rhacophorus and Philauius, 
It was pointed out that the examined species of Philautm could not be merged 
w'ith Rhacophorus though some systematists like vSmith maintain that a 
large number of species of Philautm are degenerate forms of Rhacophorus, 
or they are individuals that have been arrested in their development. The 
present communication is a contribution to our knowledge of the cranial 
morphology of three species of the genus Rana, commonly met with in >South 
India. The object of this .study is to place on record certain cranial character- 
istics of the South Indian Ranid forms and to compare them with those of 
the European forms like Rana fiisca and Rana esculenta and also with the 
South African form, Rana grayi. 

I have selected three thoroughly aquatic forms for study, viz., Rana 
hexadactyla Eesson, Rana cyanopklyciis Schiieid, and Rana curtipes Jerdon. 
According to Boulenger (1890) the first reference to R. hexadactyla is made 
in Belang. Voy. Ind. Or. Zool., p. 331 by Eesson, to R. cyanophlyctis 
in Hist. Amph. i., ]). 137 and to R. curtipes in Journ. As. Soc. Bengal, 
22, p. 532, 1858. I am unable to comment upon the nature of description 
given about these forms, since I w’as not able tcT secure these papers for 
reference. 

The earliest work on the development and morphology of the Batrachian 
skull is by Barker (1881). He records in this paper the cranial morphology 
of some Indian Ranid forms like R. Kuhli, R. hexadactyla, R. gracilis, 
R. cyanophlyctis, R. pygmcea and R. tigrina. Gaupp (189C-1904), on the other 
hand, dc.scribes the anatomy of the entire head of European forms like 
R. fuse a and R. esculenta and his w^ork is of classic importance though 
some points in his work require verification. 
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Material and Method. 

The adult Ranid specimens were all collected alive and fixed in Bonin’s 
fluid. The heads were decalcified in 70% alcohol containing 3% nitric acid. 
vScctioiis 12 microns thick were cut and stained in Haemalum-eosin and 
Hiemalum-picroiiidigocarmine. 

The Olfactory Region. 

The cavities of the iiarial region of the three species of Rana are similar 
to the ones described for Rana fusca bj'' Oaupp. In the anterior region of 
the frogs studied by me, the sections show the pre.sence of both the prenasal 
cartilages, — cartilago prcnasalis superior and cartilago prenasalis inferior. 
The premaxilla invests both these cartilages. The cartilago prenasalis 
superior depends from the cartilago obliqua while the inferior cartilage 
dei)ends from the solum. 

The ])lica, in all the Ranid forms described so far, is rei^ortcd to depend 
from the tectum nasi but in forms like the South Indian engystomatidflc 
{Microhylidce of Parker, 1931) (author, 1932), Glyphoglossus (author, 1932 rt)i 
Rhaenpkorus and Philauhis (author, 1934), Rana grayi (du Toit, 1933), 
Phrynomerus (de Villiers, 1930), Cacosternmn (de Villiers, 1931), Ilemisus 
(de Villiers, 1931 a) and Bufo (vSehoonees, 1930), it depends from the cartilago 
obliqua. Judging by the weight of evidence in sui)port of the obliquous 
suspension of the plica it may be generalised that in Anura, the plica inva- 
riably depends from the cartilago oblicpia and not from the tectum proper. 

The rccessus saccifoniiis, -“a cavity which, on the one hand, comnuiiii- 
cates with the vestibulum, and on the other hand, with the infundibulum 
and the cavuni medium where these two latter cavities communicate with 
each other” is absent from the tliree speci(‘s of Rana studied. The ])re.sence 
of a recessus sacciformis is prominently notit '^d in the Kuro])ean sj^ecies of 
Rana, in which the disposition of the organ conforms with the description 
given above. 

The tlisposition of the laminal cartilages is normal and in close associa- 
tion wdtli tlie sui)crior laminal cartilage, the septomaxillary bone makes its 
appearance. The septomaxillary is usually considered as a membrane bone 
appearing as an inve.stmcnt of the su])erior laminal cartilage. The bone 
is separated from the c.irtilage by the intervening connective tissue. This 
view is accepted by Goodrich (1930), de Villiers and all modern anatomists. 
But I^apage (1928), working on the septomaxillary of Urodela and Anura 
reports that the bone is definitely cartilaginous in origin. This view, though 
not accepted by all modern anatomists, is not altogether obsolete. In forms 

Kalotila pulchra, Gray {K. pulchra taprobanica, Parker, 1934), the bone 
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makes its appearance as an ossification in the superior laniinal cartilage 
thereby supporting the observations of Ivai)age. William K. Parker (1881) 
in his monograph on the structure and development of the skull in Batrachia 
(Part III) refers to the occurrence or otherwise of this bone in a large number 
of Anuran forms. He describes that in the specimen of Rana hexadaciyla 
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examined by him there is "a small sej)tomaxillary on the right side only, 
but the nasal angle in its ascent has a solid bony mass formed in it.” In 
the other Indian and extrapeniiisular species examined by him, viz,, Rana 
Ktihli, Rum gracilis, Rana l^ygmoca and Rana tigrina the absence of septo- 
maxillary is noted, while in Rana cyannphlyctis a small sigmoid septo 
maxillary” is reported by him. The same author also describes the occur- 
rence of ossillcations in the laminal cartilages of other examples, as the 
scptomaxillary. Having examined the sections of R. hexadactylu, R. cyano- 
phlychs, R. curlipes and also that of R. tigrina, I have come to the conclu- 
sion that the observations of Parker (1881) with regard to R. hexadactyla 
and R. tigrina are not borne out by my studies. In my sections no lopsided 
develo])mcnt of the scptomaxillary is noticed in R. hexadactyla, nor is the 
complete absence of the investing bone observed in R. tigrina. In Rana 
hexadactyla the bone ap])ears as a small oval piece (Pig. lA, swia^) above the 
lamina superius [l.s.) more towards the epidermal side of the cavum medium 
{c.m) Posteriori}^ the bone becomes hollowed out and one end of it 
invests the lamina sui)erius while the other end bends over the infundibular 
[inf.) part of the cavum principale. vSlightly posterior to the region where 
the infundibulum opens into cavum medium the sc))tomaxillary is trilid 
(IB, smx.) ; one investment is noticed on the lamina superius while the other 
is seen on the lamina inferius and the third is situated externally to the infun- 
dibulum and internally to the glandula- nasalis lateralis [In.g.). The 
investment noticed on the lamina superius disappears first ; while the others 
unite to form a single i)iece at the region the cavum medium tlisengages a 
part from it as the nasolacrimal duct (d.n.l.). The bonv ])iece referred to 
above also disappears from sections at the region where the planum terininale 
is fully formed. This description of the .seploniaxillary corresponds to that 
given for tlie South Africui form Rana gray’ by du Toit (1083). The dis- 
position of the bone in the other two species of Rana is almost similar to the 
one described for R. hexadactyla . In R. cyanophlyctis the bone appears as 
a single piece on the dorsal aspect of the lamina inferius. Posteriorly two 
more limbs make their appearance ; a large one is added internally to the 
first and a smaller one is noticed under the lamina superius. The two external 
ones unite to form a forked single piece and the superior laminal investment 
remains the same (I'ig. JA, smx.) ; in the region of the infundibulum the 
forked external piece united with the internal one to form a single invest- 
ment. Pig. 2B is drawn to show the dispo,sition of the bony pieces in the 
region where the infundibulum gains access into the cavum medium. After 
the formation of the ductus iiasolacrimalis, the investment on the lamina 
superius disappears, while a small portion of the scptomaxillary persists in 




Vio. 2A. Fig. 21J. Fio. 2(.\ 

Trans-si'ctions in tlu* rollon of the sepluiiiaxillary bone of A", cyaunphlyctis. 

(Abbreviations as under Kig. 1.) 

a few sections on the lateral aspect of the planum tcrminalc (Fig. 2C, p.t.), 
Tn R. ctiHipes the hone is feebly develo])ecl and is disposed on the laininal 
cartilages as in R. hexadactyla. 

Ill the anterior region of R. gniyi, du Toit (1933) describes the c ccurrence 
of a small prechoanal sac in the roof of the mouth. The sac is, however, 
absent from R. hexadactyla, R. cyanophlyciis and R. curtipes. 

The next structure to engage our attention is the eminentia. The 
erninentia olfactoria in the Ranid forms is usually flat. This feature is noticed 
in the Ivuropean form ((fau])p, 1904), in R. grayi (du Toit, 1934) and in some 
South Indian Ranid genera (author, 1931). In R. hexadactyla and R. cyano- 
phlyctis the eminentia is elevated on account of the fact that the solum 
jirojects into the eminentia in the form of a large supporting cartilage (Figs. 3A 


fl.S. 



and 15, C.S.). In R. curtipes, on the other hand, there is no suj)porting cartilage 
and therefore, the eminciitia is Hat (Fig. 3C. c.s.). It is usually surmised 
that ill Amiran forms which have adapted themselves largely to a terrestrial 
life, the eminentia is high or elevated. This view is borne out by examples 
like Kaloula, Microhyla, Cacopus (Euperodon) (author, 1932), Glyphoglossus 
(author, 1932 «), Phrynomerus {Aq Villiers, 1930), Cacosternum (de Villiers, 
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f.n. 


ii.tm 


Fig:s. 3 A, fj and C.- -Trans-sections in the region of choana of R, hexaihictyhi, 
■ R. cyaiiof>lilyctis and R. ciirilu's resin-clively. 

(Abbreviations as under Fig. 1.) 

1931), Breviceps (de Villiers, 19316) and Probreviceps (de Villiers, 1933). 
Now, the explanation advaiicetl for the development of an elevated emi- 
nentia becomes untenable, since purely aquatic forms like R. hexadactyla 
and R. cyanophlyctis have developed it, while it is absent from the other 
aquatic species, R, cHdiptS. Therefore, the elevation of the eminentia has 
probably nothing to do with terrestrial adaptations of the Anura. It may, 
however, be said that the structure increases in area purely in response to 
the sensory requirements of the individual. 

A brief reference may be made to the glands occurring in the narial 
region of the frogs examined by me. Gaupp (1904) describes the disposition 
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of the glands in the European species of Rana. The latest account of the 
glands in the anuran head is by Muller (1932) who divides the glands under 
the following three heads : 

(tf) the intermaxillary glands, 

(ft) the palatal glands (Rachendrtise) 
and (c) the tongue glands. 

Ill the South Indian forms the disposition of the glands is almost identical 
with the description given by Muller. In R, hexadactyla, R. cyanophlydis 
and R. curtipes the intermaxillary glands appear as trij)artite structures, — 
a median and two lateral grou]is. The lateral ones are situated externally 
to the premaxilla. Posteriorly, the intermaxillary glands also appear between 
the superior and inferior cartilages of the prcmaxilla and therefore, tlic 
glandular areas are five in number in this region. The areas again assume 
a tripartite appearance and finally, the bony separations disappear and the 
single large intermaxillary gland is seen. The openings of these glands arc 
situated posteriorly and they open into the buccal cavity. 

There is a set of glands surrounding the cavum principale (Pig. 2A, gl.), 
being disposed on the dorsal aspect of the lamina superior and they open 
by several long ducts into the cavum xuincipalc (Pig. I A, op.gl.). They are 
very prominent in R. hexadactyla and R. cyanophlydis and are not at all 
developed in R. curtipes. These glands of the cavum principale disai)pear 
at the region where the cavum medium gives off the ductus nasolacrimalis. 
The glandula' nasalis inedialis make their appearance in the anterior region 
where the fene.stra nasobasalis ax)pears in sections. The intermaxillary 
glands situated ventrally to the feiic Ira, sometimes extend into the fenestra 
and surround the recessus inedialis of the cavum inferius as in Acris, 
Rhacophorus and other forms (Muller, 1932). In R. curtipes, the intermaxil- 
lary glands penetrate through the fenestra into the recessus mcdialis region 
of the cavum inferius. In R. hexadactyla and R. cyanophlydis the penetra- 
tion of the gland through the fenestra is not noticed. Tlie glandulae nasalis 
lateralis (Pigs. 1 and 2, l.n.gl.) and the Rachendriise (see Pigs. 3A, B and C, R.) 
are disposed as in the luiropean form, bike the other glandular areas, the 
Rachendriise are very poorly developed in R. curtipes. 

The mundwiiikeldruse was for the first time described by de Villiers 
in Anhydrophrync (1931 c). Puchs (1931) described the same gland in some 
amniotes [Podocnema expansa) and some amphibian examples (Bombinator, 
Dondrobates) under the name of “bursa oris angularis”. In Rana grayi 
the occurrence of the gland has been noticed by du Toit (1933). Muller 
(1932) also refers to this gland in his paper and remarks that it is not a typical 
gland, but only an accumulation of nuclei. In R. hexadactyla alone the 
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gland is very well developed. The gland, as in the other forms of Anura 
examined, makes its appearance between the maxilla (Fig. 4A, max.) and 



Trans-.'icctioii sliowinj^ llu* niiiiKlwinkcldrlisf of A*, luwadactyla. 

( Aljhroviatioii.s as under 1.) 

the pterygoid [ptg.) and has a very small lumen ; in close association with 
this, blood and lyni])h vessels are noticed. Posteriorly, it opens into the 
buccal cavity. In the region where tlie mund\vinkeldru!5e leads into the 
buccal cavity, the quadratoinaxillary is also seen. In R, cyano- 

phlyctis, on the other hand, the gland makes its appearance as two or three 
irregularly scattered areas of lymphocytic aggregations dorsally to the 
maxilla and j^terygoid (I'igs. 4B and C, Md .) ; in association with these 
lymphocytic aggregations, blood and lymph vessels and nerves arc seen. 
It is extremely diflicult to identify this structure as a “mnndvvinkeldrhse”, 
but for the relative positions occupied by the lymphocytes, blood ves.sels 
and lymph channels (see Pigs. 'IB and C). Moreover, there is no opening of 
these lymphocytic areas into the buccal cavity. Perhai)S, Muller’s view 
of the non-glandular nature of the mundwinkkidruse is largely borne out by 
R. cyanophlyctis. In R. curtipcs a dilTerent state of affairs is met with. A 
transversely elongated aggregation of lymphocytes, makes its a])pearan('c 
between the maxilla (Pig. 41), max.) and the pterygoid (ptg.). This trans- 
verse elongation is largely due to the presence of a worm parasite (tv.p.) 
occupying the sj^ace between the lower portion of the eye and the maxilla. 
The parasite is found on eitlier side in identically the same jjlace and is 
surrounded l)y a large number of chitinous cysts. The gland, how'ever, 
opens into the. buccal cavity Ijy a small duct. I am unable to say at present 
what exactly the function of the gland is like. 

I shall make here a brief reference to the other lymphocytic areas 
(tonsillar patches) found in the anterior region of the cranium. The subject 
of Batrachian tonsils has been studied by a large number of workers like 
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Fi(i. IH. Fk;. k:. 

Traiis-s(?('ti(nis in Micec-ssive rf.ii[inns tlic imindwinki'Ulru.st." of /\‘. cyanapltl yetis. 

(Abbreviations as under Fig. 1.) 

Kingsbury Jolly (1919)* and M)’'ers (1928). Discussing the structure 

of the Anuran loibsils, Kingsbury (1912) notes that in es.sentials the structural 
features of the Anuran tonsils resemble those of iiianiiiials, though at the 
end he cautions by saying that the "homologization of the am])hibian tonsils 
with those of other groups is regarded as unsafe.” He describes in detail 
the structure of the proglottidean, lateral and sub-lingual adenoid patclies. 
Myers (1928) referring to Jolly’s work (1919) mentions that in the exanijdcs 
investigated by the latter author, “lymplioepithelial” masses are found only 
ill R. temporaria and palatine tonsils in both A^ esculenUi and R. temporaria. 

In R. hexadactyla and R. cyanopJilyciis a large number of lymidiocytic 
aggregations are noticed and R. curtipes is peculiarly free from these adenoid 

* Jolly, J., Compt. Rend, dc Soc. dc Biol., T.71, p. 200. (Reference not available.) 
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Trans-section of the mundwinkeldriisc of R. nirtipcs. 
(Abbreviations as under Fig. 1.) 


patches. In K, hexadaciyla and R. cyanophlyctis the mimerotis adenoid 
patches are disposed in the roof of the mouth, on the tongue and below it. 
The areas that are found just below the tongue and also far away from it 
[i.e., those that are situated above the mandible) are all labelled by Myers 
as sublingual tonsils. ^lore correctly, the ones situated just below the tongue 
should be called sublingual and the others nearer to the mandible must be 
labelled mandibular tonsils. Ik'sides the areas described above where 
these tonsillar patches occur, lymphocytic aggregations also occur in the 
region of the cavum inferius. One pair of these tonsils opens into the cavtim 
inferius and the other onlv surrounds the m 'xillary end of the cavum. In 
the two examples referred to above there is also a large adenoid area just 
below each eye. These may be designated the subocular tonsils. 

The Membrane Hones of the Anterior Re^^ion. 

Included under the membruie bones of the olfactory region are the 
])remaxilla!, maxillie, vomer (prevoraer), palatine and sept omaxill ary. A 
reference has already been made to the septomaxillary bone. The pre- 
maxilhe, maxilte, vonu i (prevomer) and ijalatine are rei)resented as in the 
European form Rana fnsca (Gaupp, 1904). In all the species of Rana 
examined by me, the lateral squanie of the premaxilla is longer than the 
median one. The premaxilla, maxilla and vomer (prevomer) are dentigerous. 
The nasal bone is disposed uniformly in all the species of Rana studied. 
Anterior to the planum terminalc the nasal bones invest the tectum and 
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posterior to the planum they protect the cavum principalc. In the antorbital 
region, investing the dorsal aspect of the antorbital cartilage is noticed the 
posterior portion of the nasal (Figs. 3A, B and C, nas.) ; tlie bone is thick and 
muscles are inserted into it. 

The Ethmoidal Region. 

The sphenetlimoid (os en ceinture, Cuvier) is a girdle-shaped bone which 
may or may not be divided into a right and left half by means of a median 




ViG. r>B. Fia. 5C. 

Anti*rior and posterior spheiiethmoidal regions of R. cyannplilyctis. 
(Abbreviations as under Fig. 1.) 

cartilage. In some examples, however, the ethmoidal region is not at all 
ossified. To this latter category belongs R. curtipes (I'ig. 5A). In R. 
cyanophlyciis, on the other hand, the sphenetlimoid is very well developed 
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and is not separated veutrallj' into lateral halves by a median cartilage. In 
sections in the anterior ethmoidal region, the occurrence of a small piece of 
cartilage (Pigs. 511 and C, s.e.c.) between the sphenethmoid (sph.) and 
para.sphenoi<l {pan.) is noticed, whose exact significance, it is not possible 
to say. This subethnioidal cartilage (s.e.c.) is also noticed in Rana grayi 
(du Toit, 1933). In R. hexadaclyla the sphenethmoid is well ossified as in 



Kto. .".D. Fic. .'3K. 

.Anti-rior .incl poslcriur s|)lu'tK.-thni(ii(la1 regions of K. Iicxiiduclyln. 
( Ahhri'viatioiis as under Kij?. 1.) 


R. cyanophlyctis. The frontoparictals iii this rej^ioii are thick and massive as 
in R. hexadaclyla and R. cyanophlyciis ; in R. curtipes the bones are thin. 

The Otic Ree^wn. 

The otic region in all the tliree s])ecics of Rana that I have examined 
follows a common plan. 'I'he para^iuadrate (s(iuamosal) bone is the first 
to make its ap]>earancc in sections and posteriorly to it the middle ear and 
annulus tym])anicus arc seen. In the region where tlie middle ear makes 
its api)caraiice in R. hexadaclyla, the aimulus tynipanicus witli the ventrally 
situated maxilla and quadrato-maxillary are also seen. This extension of 
the maxilla i)osteriorly seems to be a common condition among the Ranids 
and it is also noticed in Rana f*rayi (du Toit, The luemlmiiic bones 

and the associated cartilages in the middle ear region are drawn in the series 
of Tigs. GA, B and C. It will be noticed that the arrangement of bones and 
cartilages are not essentially the same as the descriptions given either for 
Kuropeaii species of Rana or the South African form, Rana f^rayi (du Toit, 
1933). Ill R. hexadaclyla, in the region where the prootic bone has not yet 
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made its appearance the middle car, aiimilus tynipanicus and the ])aracinad- 
ratc bone arc all noticed. In this region the circular pars externa plectri 
(the extrastapedial process) is also present, and tlicrcfore, it aj)pears more 
anteriorly than it is noticed in the other Ranids. In posterior sections, 
the transitional cartilage (I'ig. (5A, tr.c,) which appears internally to the 



Fig. «A. 

(Abbreviations as under Fii». 1.) 

paratpiadrate (parq.) unites with the otic process (ot.p.) and the cristal end 
(I'ig. (ill, c.tr.c.) of this combined cartilage unites with the ossified otic capsule 
posterior to figure fill. jMoreover in Fig. GA, it is noticed tliat a small an- 
terior [)ortion of the ])rocessus basalis (p.has.) also a])pears being in\’e.stcd 
by the ptt^rygoid (/>/g.). Peculiarly, however, in i)osterior sections the 
processus basalis (Fig. (iB, p.bas) which arises from the processus oticus 
{ot.p.) is partially invaded by the pterygoid (/>/g.)- Both in GA and B, 
the pars media is seen in close association with a cartilage which is the j)ars 
ascendens plectri. The pars ascendens plectri establishes a connection 
between the circular pars externa plectri on the one hand, and the 
cartilaginous ventromedial portion of the crista on the other. The occurrence 
of the maxilla and the quadratoniaxillary in close association with the 
ventral portion of the annulus tyinpanicus are also shown in Figs. GA and B. 
In Fig. GC, where the eustachian tube opens into the buccal cavity, the 
ossified otic capsule {o.c.) is noticed and this gives rise ventrally to a large 
cartilaginous projection (c.p.ot.), which gives articulation to the j)osterior 
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portion of the annulus tympanicus is also seen in the same figure as a 
projection from the crista [c.par). The quadratomaxillary is noticed 
veiitrally to the ventral portion of the annulus tympanicus. 

In the opercular region there is a small pars interna plectri and the 
operculum (stapes) is saucer-shaped. It depends from the upjier part of 
the cartilaginous otic capsule. Posterolaterally, it has a knob for the attach- 
ment of a muscle. 

In the suspensorial region the quadratomaxillary invades the quadrate 
cartilage and the paraquadrate extends laterally over the quadratomaxillary. 
No fusion between the paraquadrate and the quadratomaxillary is noticed 
as in one of the specimens of Rana grayi studied by du Toit (1933). 

In R. cyanophlyciis, as in R. hexadaciyla, even before the appearance 
of the prootic bone, the pars externa plectri which is a rounded cartilage 
makes its appearance. The proces.sus basalis is not met with in this region. 



Pig. 7. 

Trans-soi'Htui in tlic prnressiis basalis region of R. cyanvphlyciis. 
(Abbreviations a.s under Fig. 1.) 
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In a sliglitly posterior region, the transitional cartilage unites with the pro- 
cessus oticus as in R. hcxadactyla and the cristal jjart (Kig. 7, c.ir.c.) of this 
united cartilage fuses with the fJssiHed extension of the otic capsule posterior 
to I'ig. 7. The processus basalis (p.bas.) makes its appearance anterior 
to the opening of tlie eustachiaii passage, being invaded by the pterygoid 
(pin) and it is noticed that the cartilaginous imrtion of the jjrocessus basalis 
is considerably uiiniiuised. Moreover the pterygoid also invades the ex- 
tension (o.lr.c.) of the oticus cartUage (ol.p). At the region where the 
eustachiaii passage opens into the buccal cavity, the processus basalis invaded 
by the pterygoid bone, is noticed to articulate with a jirojectioii from* the 
bony otic capsule. This condition of the articulation of the basal process 
is also met with in R. hexadaclyla. In the same region on the left side of 
the animal, the bony ])ars media plectri gives rise to a small cartilaginous 
jiortioii towards the jiaraquadrate, which in posterior sections disengages 
itself from the columella and disappears from the sections. This cartilaginous 
piece, perhaps, represents the pars ascendens plectri which is so proiuincntly 
noticed in R. hcxadactyla. The pars interna becomes manifest in posterior 
sections only. 

The operculum is sauccr-shaped and depends from the bony otic capsule. 
Postcrolatcrally there is a small knob for the insertion of a niusclc. 

The suspensorial region is as in R. hexadaclyla. In Rana cyanop/ilyclis 
the quadratomaxillary invades the (piadrate cartilage almost "comiiletelv. 



I he .sii.spcii.siirial rcRi'oii of R. ryoiin/tlilyrth. 
J AbbrcviatuMi.s as under Kig. 1.) 


Again, an extension of the paraquadratc over the quadratomaxillarv is met 
with, as in R. hexadaclyla. 

c ^ curttpes where the paraquadratc and the middle ear appear in 
ections, the quadratomaxillary is not visible. The crista (l-'ig. 9A, c.par) 
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is very prominent and is carLilaginous. The processus basalis, however, 
has not yet made its appearance. Long before the appearance of the basal 
process, the united transitional (tr.c.) and ]jrocessus oticiis (ot.p.) cartilage 
establishes a connection with the crista (c.par.). Thus in this case the 
oticus connection of the palatoquadrate with the cranium is very short ; 
in R, hexadactyla and R, cyanophlyctis, on the other hand, the connection 
is lengthened. This is on account of the fact that in the latter two examples 
the crista is an extremely long cartilaginous piece while in R. curtipes, it is 
highly abbreviated in length. Posteriorly, the processus pterygoideus 
(Fig. 9A, p.ptg.) cartilage fuses with the oticus cartilage [ot.p.) and the large 



Fia. 9A. 

processus basalis (I'ig. 9B, p.bas.) is given off from this. It is noticed th a 
a part of the processus basalis cartilage is invaded by the pterygoid bone 
as in K. hexadactyla and R, cyanophlyciis. In I'ig. 9C, the pars externa 
plectri is drawn and this is the first to make its appearance of the plectral 
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Fig. DC. 

Consecutive trans-scetions of the middle ear reRion in R. nirfipc. 
(Abbreviations as under Fig. 1.) 
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apparatus. The large pars cxtcnia [p.e.p.) gives rise internally to a pars 
ascendeiis plectri ; this asccndens cartilage fuses with the crista, as in A*. 
hexadactyla. The pars media is only superficially ossified with a feeble core of 
cartilage, thereby exhibiting the cartilaginous origin of the columella. The 
dorsal portion of the annulus tympanicus extends from the crista (c.par.) 
as in R. cyanophlyctis. It is obvious from the figure that there is no jnojcc- 
tioii from the ventral ])ortion of the cartilaginous otic capsule for the arti- 
culation of the posterior part of the ])rocessus basalis (p.bas.) as in R. Iiexa- 
dactyla and R, cyanophlyctis. 

The small operculum which is crescentic in appearance depends from 
the tipper wall of the otic capsule, and posterolaterally jjossesses a knob 
for the insertion of a muscle. The fenestral opening is small. 

The suspensorial region is as ])reviously described for R. hexadactyla. 
The invasion of the quadrate cartilage by the quadratoniaxillary is very 
feeble in R. curtipes. 

Summary, 

1. The plica obliqua depends from the cartilago obliqua and not from 
the tectum nasi. 

2. A recessus sacciformis is not present in the forms described. 

3. A prcchoanal sac is absent. 

4. The shape of the scptoniaxillary in R, hexadactyla and R. curtipes 
differs from the same in R. cyanophlyctis. 

5. The eminentia olfactoria is elevated in R, hexadactyla and R. cyano- 
phlyctis and not in R. curtipes. 

6. An unconnected piece of cartilage occurs in R. cyanophlyctis below 
the sphencthmoid. 

7. The sphenethmoid is bony in R. cyanophlyctis and R. hexadactyla, 
whereas in R. curtipes, it is cartilaginous. 

8. The “mundwinkeldrusc” in R. hexadactyla and R. curtipes are similar 
in structure ; in R. cyanophlyctis the gland differs in shape and does not 
possess a lumen. It also docs not open into the buccal cavity. 

9. In R. hexadactyla and R. cyanophlyctis there is a large cartilaginous 
projection from the ventral portion’ of the otic capsule with which the posterior 
portion of the processus basalis articulates. 

10. The crista parotica is very short in R. curtipes, while in R. hexadactyla 
and R. cyanophlyctis, it is comparatively long. 

11. The pterygoid bone, in all the three species of Rana examined, 
invades the processus basalis partially. 
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12. A pars ascendeiis plectri which is a conunissural cartilage between 
the crista and the pars externa plectri, is observed only in /?. hexadactyla 
and R. curtipes. 

13. The quadrate cartilage is feebly invaded by the qiiadratoniaxillary 
bone in R. curtipes, 

14. vSince the operculum depends from the upper wall of the otic 
capsule, its movement must be considerably diminished in all the three 
species of Rana examined. 
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THREE NEW SPECIES OF TREMATODES 
FROM BIRDS. 


By S. S. Pa'Cwaki>han, M.Sc., 

Department of Zoology, College of Science, Nagpur. 

Keceived May 20. 1935. 

(Communicated by Prof. M. A. Mogbe, m..sc., k.z..«?.) 

Thk three new species of Treinatodes described in this paper were all obtained 
from birds dissected by me in the Zoology I^aboratory from time to time. 
Numerous specimens of Lyperosomtim I^ooss, 1890, were found in the gall 
bladder of a Black-headed Maina Tentenuchus pagodarnm ((Ini.). Similarly 
several specimens of Proalaria T^a Rue, 1 926, were obtained from the intestine 
of a King Fisher, Alcedo atthis lyinn. Only three specimens, however, of 
N eodiplostomum T^a Rue, 1926, were collected from the intestine of a Barn 
Owl, Tyto alba siertens Ilartest. 

1 . Lyperosomnm colorosum n. sp. 

Anatomy : — A large number of si^ccirnens were found in the gall bladder 
of a Black-headed Maina Temenuchus pagodamm (Oni.) at Nagpur, C. P., 
India. The worms arc elongated, cylindrical, tapering at both ends and 
measure 1*7 to 3*0 mm. in length and 0*192 to 0*34 mm. in maximum 
width which is found at the level of acetabulum. Kxamination of the 
living worms under a microscope shovwxl that the forebody is flexed dorsally 
and this makes the acetabulum very prominent. The integumeiit is smooth 
and a large number of pigmented particles lie scattered in the parenchyma 
throughout the body. The oral sucker (Fig. 1. o.s.) is subterminal, elliptical 
and measures 0*070 to 0*134 min. x 0*092 to 0*16 mm. The muscular 
])harynx is si>herical and measures 0*043 to 0 *075 mm. in diameter. The (eso- 
phagus is short and measures 0*06 to 0*1 mm. in length. The intestinal 
ca:ca extend backwards as far as the four-fifth of the entire length of the 
worm. The acetabulum is rounded and is 0*138 to 0*24 mm. in diameter. 
Its anterior border is 0*356 mm. to 0*63 mm. behind the anterior end of the 
body. The ratio of the diameters of the oral sucker to the acetabulum is 
about 1:2. The excretory system is typical of the genus. 

Both the testes arc posterior to acetabulum, situated one behind the 
other along the median line of the body. The anterior testis is spherical, 
0*127 to 0*22 mm. in diameter and 0*081 mm. behind the acetabulum. The 
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posterior testis is slightly oval and is separated from the anterior one by a 
loop of the uterus which passes between the two testes. The posterior testis 
measures 0-l()8 to 0'208 mm. x().i23 to 0-217 mm. The genital pore lies 
midway between the rim of the acetabulum and the anterior end of 
the body. The cirrus pouch is elongated, pyriform and measures 0-12 to 
0-21 X 0-04 to 0-07 mm. It contains a large vesicula seminaHs. The cirrus 
in some specimens was protruding and is surrounded by a few prostatic 
cells. 

The spherical ovary is smaller than both the testes and is situated 
0-04 mm. behind the posterior testis along the median line of the body. 
It measures 0-084 to 0-148 mm. in diameter. The receptaculum semiiiis is 
dorsal and lateral to the ovary and measures 0 -023 to 0-04 mm. in diameter. 
The shell gland is similar in position but slightly ventral. Vitellaria are 
situated posterior to ovary and are in two lateral rows of six to seven follicles 
on each side. They commence 1 -3 to 2 -0 mm. behind the anterior end of the 
body and extend for about 0-25 mm. along the length of the body. The 
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uterus extends backwards as far as the posterior end of the body and its 
coils separate the two testes from one another. Kgj;s are large, elliptical, 
thick-shelled and measure in balsam 0 -0125 to 0 -022 x 0 -025 to 0 -04 mm. 

Discussion. — Paired symmetrical vitellaria, much elongated body and the 
position of the testes one behind the other place this worm in the genus 
Lyperosomum J^ooss, 1899, sub-family, Dicroc(tlin(v I^ooss, 1899. following 
the key given by Skrjabiii and Udiiizew, 1930, the species described in this 
paper resembles L. stVmoswn Travassos, 1917. It however differs from the 
latter in possessing a considerably smaller body, an elliptical oral sucker, oval 
posterior testis, vitellaria in two lateral rows of six to seven distinct compact 
masses and in having in its parenchyma a large number of pigmented ])articles 
scattered throughoirt the body. 

Since the publication of the key by Skrjabin and Udinzew, 1930, only 
one species, viz., L. microrosalis Yamaguti, 1933, has been described from 
Milvus lineatus lineatus Grey, from Japan. The s])ecies described in this 
paper differs clearly from L. micrirosalis in having smaller suckers and a round 
ovary, in the ratio of the oral and ventral suckers and other measurements. I, 
therefore, regard this species as new and propose for it the name Lyperosemum 
colorosum, with tJie following s];ecilic diagnosis : — 

Lyperosomum T.ooss, 1899: Length 1-7 to 3*0 mm.; maximum width 
0-192 to 0-34 mm.; forebody shorter than hindbody ; cuticle smooth; 
parenchyma with pigmented particles scattered in it ; oral .sucker subterminal, 
elliptical 0-070 to 0- 134 rnm. v 0-092 to 0-10 mm. ; imiscnlar 2)harynx 0-043 
to 0 -07 mm. in diameter ; acetabulum 0 • 138 to 0 -24 mm. in diameter ; anterior 
testis 0-127 to 0-22 mm. in diameter ; posterior testis sub-spherical, 0-108 to 
0-208 mm. X 0-1 23 to 0-217 mm. ; ovary 0-084 to 0-148 mm. in diameter; 
vitellaria in two lateral rows of six to seven distinct follicles ; eggs large, 
few thick-shelled 0-0125 to 0-22x0-025 to 0-04 mm. 

Host :-^TemenHchus pagodarum (Gni.). 

Iluhilut .‘ — (rail bladder. 

Locality .-—Nagpur, C.P., India. 

2. Proalaria alcedensis n. sp. 

Anaiomv. — The body measures 2-24 mm. in length and is divided into 
two parts. The forebody (I‘ig. 2) is flattened and roughly four-sided. It 
mea.sures 0-72x0-00 mm. The hindbody is cylindrical, rounded off 
j)osteriorly and measures 1-52x0-5 mm. lire ratio of the lengths of the 
fore and hind body is about 1 : 2. The oral sucker is round, terminal and 
measures 0 -035 mm. in diameter. On its either side is situated as sucker-like 
prominence. There is no prepharynx. The pharynx is spherical, muscular 
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and 0 *037 mm. in diameter. It is followed by a short oesophagus which forks 
into tw'o intestinal cieca in front of the acetabnlnm. The latter is transversely 
ovate, measures 0-056x0 '(MS inm. and is situated 0-4 mm. behind the 
anterior end of the body. The holdfast organ is slightly oval and invaginated 
posteriorly. It measures 0-175x0-15 nun. A pair of adhesive glands are 
situated behind the holdfast organ. 

The ovary is transversely oval and is situated considerably behind the 
junction of the fore and hind body. It measures 0-125x0-1 mm. The 
vitellaria consist of closely packed follicles which are confined to the anterior 
half of the hindbody. Tlic uterus extends for a short distance in front of the 
ovary and contains large but few eggs measuring 0-075x0-092 mm. The 
genital pore is situated at the posterior end of the body. 

The testes occupy the middle third of the hindbod)^ and fill up the entire 
width. They are roughly rectangular and have a deep depression on both the 
anterior and posterior face. The anterior testis measures 0-5x0-325 mm. 
and the posterior testis 0-4x0-41 mm. The vesicula seminalis is a volumin- 
ous sac-like structure situated behind the j^osterior testis. The details of the 
cirrus, vesicula seminalis and pons prostatica could not be made out. 
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Discussion— In possessing a sub-circular holdfast organ, lateral suckerlike 
appendages near the oral sucker and a uterus confined to liindbody, the species 
described in this paper belongs to the genus Proalaria La Rue, 102(). So far 
there are thirteen species included in this genus. The species described here 
differs from the following species, Alaria gavium Guberlet, 1922, Hemisiovium 
excavata Rud. Dies., II. confnswn Krause, 1925, H. spcithaceeum Rud. 
Dies., H. trilobum Rud. Dies., P. huronensis La Rue, 1927, P. variahilis 
Chandler, 1932, P. butasturia Tubaiigui, 1932, P. mergi Yamaguti, 1933, 
in the ratio of the fore and hind body and other important characters. It 
differs from H. intermedium Johnston, 1904, and H. triangulate Johnston, 
1904, in the shape, size and disposition of the gonads and other measurements. 
It also differs from A . indisiincta Guberlet, 1922 in the absence of the recepta- 
culum seminis. Description of P. clavata Ciurea, 1928, was not available to 
me in India. I conclude, therefore, that it is a new species which I name 
Proalaria alcedensis with the following specific characterisation : 

Pyort/rtnVi La Rue, 1926: Total length 2 *24 mm.; forebody 0-72x0 *66 
mm. ; hindbody 1 -52x0*5 mm. ; oral sucker subterminal 0-035 mm. in dia- 
meter ; pharynx 0 -037 mm. in diameter ; acetabulum ovate, 0 -056 x 0 -48 mm.; 
holdfast organ elliptical invaginated posteriorly, 0-175 mm. x 0-1 5 min.; 
ovary ovate, behind the junction of fore and hind body, 0-125x0-1 nini. ; 
vitellaria confined to anterior half of the hindbr)dy, anterior and posterior 
testes rectangular, deeply depressed on the anterior and posterior face ; 
anterior testis 0-5 mm. x 0-325 mm. ; posterior testis 0-4 mm. x 0-41 mm. ; 
vesicula seininalis, a voluminous sac behind the posterior testis ; uterus 
extends slightly in front of the ovary ; eggs, few, large thick-shelled and 
0-075x0-092 mill. 

Host : — King Fisher Alcedo atthis Linn. 

Habitat - -Intestine. 

Locality: — Nagpur, C.P., India. 

3. Neodiplostomum tytense n. sp. 

Anatomy. — The body measures 2 -82 mm. in total length and is distinctly 
divided into tw’^o unequal regions. The forebody (Fig. 3) is flattened and 
measures 1-62x1 *23 mm. Its lateral margins unite posteriorly to form a 
spoon-shaped depression. The hindbody is cylindrical and measures l-2x 
0-63 mm. The cuticle is smooth. The smaller oral sucker is not very 
prominent and measures 0-056 mm. in diameter. The pharynx is small, 
globular and 0-062 mm. in diameter. It is followed by a short a'sophagus 
which forks into a pair of intestinal caeca in front of the acetabulum. The 
acetabulum is 0-087 mm. in diameter and is situated 0-64 mm. behind the 
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anterior cud of the body. Tlie holdfast organ is sub-circular, small, 0 -294 nim. 
ill diameter and is 0-22 mm. behind the ventral sucker. 

The ovary is situated in front of the testes at the junction of the fore 
and hind body. It is a compact ovate mass measuring 0-25x0 -19 mm. 
The uterus and eggs are not develoj)ed. The vitellaria consist of a large 
number of small follicles scattered around the holdfast organ and extend 
into the anterior third of the hindbody. The shell gland is situated near the 
left side at a level between the two testes. 

The testes are situated one behind the 'ther and occupy the middle third 
of the hindbody. The anterior testis is pear-sliaped, slightly to the left and 
measures 0 -375 x 0-225 mm. The 2 >o.sterior testis is deeply bilobed, large and 
measures 0-15x0-225 mm. Vcsicula seminalis is a large sac-like structure 
situated behind the posterior testis. The genital pore is situated at the 
posterior end of the body. Other details could not be made out. 

Discussion. — The species described in this paper belongs to the genus 
N eodiploslomiim I, a Rue, 1920, because of the presence of a body divided into 
two parts, lateral margins of the forebody meeting posteriorly, shell gland at 
a level between the two testes, absence of lateral suckerlike appendages and of 
suckers from the dorsal surface. There are so far nineteen species included in 
this genus. The ijrescnt s])ecics differs from the following s])ecies, in the ratio 
of the forebody and hindbody and other characters : Diplostomwn spathida 
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Brandes, D. Ionium Braudes, D. siamense Poirier, D, bifurcatmn Wedl 
Brandes, Hemisiomum cochleare Krause, 1915, //. elliplictnn Brandes, 
N eodiploslomum poirieri Dubois, 19:V2, iY. grande Dies. Krause, and A^ 
kashniiranum Faust, 1927. It differs from 1). spathidaforme Braudes, 
JV. gavialis Dliaram Naraiii, 1 9150, in the absence of papillae around the hold- 
fast organ and the disposition of the gonads, from A^ pseud alien ttahim Dubois, 
1927 and H. attenuaium v. lyinsl., 190G, in the shape, size and disi)osili(m 
of the gonads, and from N. lucidum Da Rue, 1927 in the absence of cuticular 
spines. The descriptions of the live species, U. auritum Duj, 1815, 
N. perlaium and N. culicola Ciurea, 1950, N. marchelloidcs and A^ Jungiloidcs 
Semenow, 1927, arc not available to me in India. I consider the sj^ccies 
described in this paper as new and name it N eodiploslomum lylense with the 
following .specific diagnosis : 

N eodiploslomum Da Rue, 192G: Total length 2-82 mm. ; forebody 
I *62x1 -23 mm. ; hindbody l-2x0«()l mm. ; ratio of the forebody to the 
hindbody 1 -35 ; 1 ; oral sucker 0-05G mm. in diameter ; pharynx 0-002 mm. 
in diameter ; acetabulum 0-087 mm. in diameter and 0-C4 mm. behind the 
anterior end of the body ; holdfast organ 0 •29'! mm. in diameter and 0 -22 inni. 
behind the ventral sucker ; ovary at the junction of fore and hind body 
0-25x0-19 mm.; vitellaria around the holdfast organ and in the anterior 
third of hindbody ; anterior testis pear-shaped, slightly to the left, 0-375x 
0-225 mm. ; posterior testis deeply bilobed 0-45x0-225 mm. ; vesicula semi- 
nalis behind the posterior testis ; genital pore at the j^ostcrior end of the body. 

Host: — Tyto alba slcrtens Ilartest. 

Habitat : — Intestine. 

Locality : — Nagpur, C.P., India. 
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A SECOND SPECIES OF PROCAMALLANUS 
BAYLIS 1923 FROM INDIA. 
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Received May 20, 1935. 

(Communicated by Prof. M. A. Mofihe, m.a., m.sc., f.z.s.) 

The nematodes described in this communication were obtained from the 
intestine of a Silurid fish, Clariaa hatrachus Bl. The material consisted of 
six worms of which four were females and two males. 

Anatomy. 

The male measures 3 *85 mm. in length and O-OIH mm. in maximum 
width; the female measures 5*07 to 7 *26 mm. in length and 0-079 mm. in 
maximum breadth. The anterior end is narrow and rounded. The cuticle is 
smooth and unstriated. The buccal capsule (Fig. 1, B.C,) measures 0 -082 mm. 
in length and 0-061 mm. in diameter. It has a continuous smooth chitinous 
lining without leaf crowns or ridges. Two knoblike structures (K.) are present 
at the base of the buccal capsule. The cesophagus measures 0 -41 mm. in length 



0 1 OJ w 0^9 mn. 

fig. 1. FIG. 2. 


from the anterior end. The nerve ring and the excretory pore are situated 
0 -24 mm. and 0-31 mm. respectively from the anterior end of the body. 
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The caudal end of the female (L'ig. 5) is drawn out, bluntly pointed at 
the apex and measures 0 • 1 1 mm. in length. The vulva is situated at about 
the middle of the body 1 *4 to 3-38 mm. in front of the posterior end of the 
body. A distinct lol)elike structure forms the anterior lip of the vulva. 
The vagina is directed posteriorly. 




Q-05.in.ni. 

Kl<;. 3. 4. 

The caudal end of the male is slightly curved vcntrally and is bluntly 
rounded at the lip. Tiic caudal aJte are well develojK'd. There are seven 
jjairs of pre-anal and one pair of |)o.st-anal pedunculated ])apilla! (I'ig. 3, Ca.P.). 
The peduncles of the pre-anal ira])ill»c arc larger than those of the post-anal. 
Spicules (lug. 4, .S.) are equal and 0-12 mm. in length. Gubernaeulum is 
absent. 155! 

Discussion. 

The genus Pmcunudlamis (Haylis, 1923) comprises nine s])ecies, P. 
laviconchus (Wedl, 1862), P. spiralis (Baylis, 1023), P. parasiluri (Bugita, 
1927), P. iheringi (Travassos, 1928), P. inopinatus (Travassos, 1928), P, 
rarus (Travassos, 1928), P. xenopodis (Baylis, 1929), P. mehrii (Agrawal, 
1930), and P. sphceroconchiis (Tornquist, 1931). Of these only P. mehrii 
is hitherto recorded from India. These nine species fall into two groups : 
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those with ridges or leaf crowns in the inner part of the Imccal capsule and 
those without them. The latter group includes only one species, viz.^ P. 
IcBviconchus (Wedl, 18(12) . The species described in this pa])er res(‘mbles 
P. lafviconchus in possessing a buccal capsule with smooth inner surface. 
It however differs from P. Iteviconchm in having ccpial spicules, seven pairs 
of pedunculated pre-anal papillae and one pair of small ])ost-anal painllcC. 
These differences arc sufficient to justify creation of a new si)ccies for which 
I propose the name Procamallanus planoratus with the following specific 
diagnosis : 

Procamallanus Baylis, 1928. Total length of male 8 *85 mm., breadth 
0-061 mm. ; of female 5-07 mm. and 0-079 mm. ; cuticle smooth and uii- 
striated ; buccal capsule smooth, 0-082 mm. in length and 0-61 mm. in 
diameter ; two knob-like structures at the base of the buccal caj)sule ; (eso- 
phagus 0-41 mm. in length ; nerve ring and excretory pore 0 -24 and 0-81 iiini. 
from the anterior end ; vulva about the middle of the body 1 -4 to 8 -88 mm. 
ill front of the posterior cud ; caudal alic in male well develoi)ed ; seven pairs 
of pedunculated prc-anal iiapillre and one pair of post-anal papilla? ; spicules 
equal 0-12 mm. in length, gubernaculum absent. 

Host : — Clarias bairachus Bl. 

Habitat : — Intestine. 

Locality C.P., India. 


EXPLANATION OF FIGURES. 

Figs. 1-5. — I'rncaimillauus pJnnnralus n.sp. 

Fig. 1. Anterior end. Dorsal view. 

Fig. 2. -Lateral view showing the p(»sitio!i of female genitalia. 
Fig. 3. — Po.stcrior end of male showing caudal i)ai)illa\ 

Fig. 4. Posterior end of male .sliowing spicules. 

FiC. 5.-- Posterior end of female lateral view. 
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STUDIES IN THE FAMILY A/./SALlC/L/L 

III. kiagHUuia guagancnsis' H.B.K. and S. lali folia Willd. 

Hv n. M. JoiiKi, 

J)cl'arf nit’ll f of liolaiiy, .It/ra Collrt/c. .Itfiu. 

Keccivcd Xfay 17, 1<>3S. 

(Coiniininicalecl by Dr. 1’. Malicsliwari. 

Introduction. 

A RKviicw of the work on the family Ai.ismack.iC has alreafly heeii j;iven 
in the first paper of the scries (Johri, 19:55). Of the ^’emis Sai^itturia, tlree 
species liave so far ])eeii i ii vest ij^a ted. The c^arliest work is lliat of Sehafliier 
(1897) on S. variahilis,^ who found an eiKht-nucleeite embryo sae with three 
antipodal cells. Cook (1907) also reported an eij^ht-muleiite einlnyo sac* 
with ephemeral antipodal cells in S. luncifoUa. The fullest and Ihe most 
recent account is that of Dahlgren (19:51) on .S. sa^ittifolia. This has a 
niegas])ore mother cell wJiieh undergoes the heterotypic division and produces 
two cells, of which the tipper degenerates and the nucleus of the lower under- 
goes two divisions to ])roduce a four-nucleate embryo sae. The* two micro- 
pylar nuclei divide once again but the ehalazal nuclei remain undivided, so 
that the mature embryo sac is si.x-inicleate. TJicse lindings agree with 
Dahlgren’s t.*arlier report on a few other inemljers of tJie Alismaccci (Dahlgren, 
1928). T Jiavc also made some observations myself on .S’, sai^ittifolia (Johri, 
19:55), calling attention 1o the oe'casional occurrence of seven- and eight- 
nucleate embryo sacs in this plant. 

M uteri id and Methods. 

The material of S. c^uayaiiensis was coIh*cted at Hharatpur in November 
19 : 5 : 5 . h'onnalin-acetic-alcfdiol, Allen’s modiliiation c^f lloniii’s tluid and 
Nawaschiii’s lluid were used for fixation. Of tlu^se, the last gave the best 
results. I'lowers of S. tatifotia were lixed in Nawaschin’s fluid and very 
kindly sent by Dr. Norma 1C. Vfeifler of The Boyce Thompson Inslilute, 
Yonkers, New York, in January 19:51. The usual metliods of inflltration and 
embedding were followed. Sections were cut 4-25 inicrmis thick. The 

• A preliminary report of tlie work on S. •luayanciisi.^ lias already been piihlislud (Joliri, 
1934). 

- Tbi.s was really S. latifnliii and will be referred to as such in tbe course of the paper. 
See Scliaffiier’s later paper (1908), where the iiii.sl.'ike is ack now led tied. 
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slides were stained with Haidenhaiii's iron-alum ha?matoxylin and differenti- 
ated in a saturated aqueous solution of picric acid. A very dilute solution 
of fast <?recii in alcohol was sometimes used as a counter-stain. A combina- 
tion of crystal violet and crythrosiii was also used with satisfactory results. 

Sagittaria guayanunsis. 

M icrosf)oy()genesis. — The young anther is oval and consists of a mass 
of meristeiiiatic cells. Later it becomes four-lobcd, and simultaneously with 
the a])i)earance {)f these lobes there api>ears in each corner a group of hypo- 
dermal an hesporial cells which are distinguishable from the other cells by 
their large nuclei and dense contents. The peripheral cells by pericliiial 
divisions cwt off a primary parietal layer which divides to form two layers. 
Of tliese the one adjacent to the epidermis is tlic cndothccium, while the 
inner divides again producing the middle layer and the tapetum (I'ig. 1). 
The endotliecium develo])S the usual fibrous thickenings when the anther 
is mature. The middle layer degenerates early and i)ractically di.sa])pears 
by the time the reduction divisions are over. The microspore mother cells 
stay for a long time in the synizesis stage and rovuid up soon after. The 
walls swell and become mucilaginous. There are two succeSvSive divisions 
and the arrangement of the microspores is isobilateral (log. 2). 

Tapetum. — As in Limnophyton (Johri, 1935), the tapetal cells always 
remain uni-nucleate. During the time the mother cells are undergoing 
reduction, their walls become indistinct and the nuclei enlarge and stain 
deeply. As soon as the microspores separate, the tai)t‘lal protophusts become 
ama'boid ami project into the anther lobe, their ilecjdy staining nuclei soon 
following. A little later the iiiicro.sporcs are seei. embedded in a nia.ss of 
periplasmodium with the tapetal nuclei scattered here and there (h'ig. 3). 
A certain amount of fusion of the protoplasts of individual tapetal cells may 
sometimes occur even before their migration in between tlie microspores. 
The periplasmodium is completely us<*<l u]) during the growth of the pollen 
grains. 

Tischler (1915) and Clausen (1927) have made .similar observations in 
several members of the Helol)iah*s. The last author lias described four types 
of amceboid tapetum in iiioiUK-otyledons : — 

(i) The vSagittaria-type.— The tapetal cells lo.se their walls by the time 
the tetrads arc formed and their protoplasts begin to project inwards as 
soon as the microspores have separated. Later the periplasmodium becomes 
continuous. Examples : S. sa^^itti folia, S. montevidensis, Alisma plantago, 
Limnocharis humboldti and Hydrocharis morsus ranee. The same type is 
seen in Limnophyton obtusijolium (Johri, 1935) and S. guayanensis. 
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(ii) TiiiC IUjtomus-Typk. — This typo resemblos tlic inooodiii}; in osscnlial 
respects excei)t that the periplasiiKKUuin foniiatioii occurs a little earlier 
when the microspores are still groii])ed into tetrads. iCxaiiiples : Bitlomus 
umbellatus^ Slralioies aloides and Ouvirandva sj). 

(iii) ThK Spau('.anium-TYP 1 v. - Here tlie chief point of difference is that 
the tapetal cells arc multi-nucleate. Ihision of protojd.ist bej^ins at the 
tetrad stage as in the TUilonius-type. ]ixani])lcs : Spar^anium simplex, 
Typha latifolia, Tnidesccniia Jlumincnsis and 7\ virpnica. 

(iv) Tine TriOi.OCiiin-TYPK. — In this case the lai)etuni begins 1o show its 
activity while the microspore iiu)tlier cells are still undergoing reduction. 
The tapetal protoplasts followed by their nuclei wander in betwecJi the 



a niiMdlc laxcr aiul tin* ai<lt»tlu-u’iiiii. J’i.n. 1 . Is(il)ilaltral tilr.ul 

of microspores. 790. k'i/;". - A .uroiip (•! microspores surroiimled In- peri- 

plasiiiodimn. Im'*;. 4. I’lii imch-ate iiiicro.'‘p(ire. ^ 790. Kijy. 5. — 

I)ivisi<iii of tl«e iuicn)Ni)')re nucleus, 790. (i-K.- -T’ollen ^rain^ willi lube, 

and ^;encralivo nuclei. X b’i.**. 9. Same, llie l\vo nuclei seiKiraled by an 

enbeineral cell memlnanc. X Imr. 10. .\ Iri-nucleale pt>llen .ijrain with 

Iwo spiiKlle-.sba])ed male nuclei. X I'‘i5!. 11. Tlie ^ame, wilb two elongated 

male nuclei .surrounded by a zone of light .staining cytoplasm. X 

mother cells, so that the piasnio<Hiiiii is formed ver}' early in comi>arisoii to 
the other three types. Examples: Triglochin marilima, Polaviogekm nalans 
and many Aracea;. 
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Male }^amd()l)hylc. The eeiilrally placed luicrospore nnclous moves near 
tile wall. Here it is surnmnded Iw dense cyt()]dasm while the rest of the 
pollen .u:rain is (Kvnpied by a large vacuole (h‘ig. 4). The nucleus divides 
(b'ig. 5) and ])ro(hu'es two nuclei of a])proxinuitely equal size with almost 
identical staining capacity (h'ig. d). One of these increases in size (I’ig. 7), 
while the other does not increase in size but becomes richer in chromatin 
and takes a deeiier stain (b'ig. 8) ; the former is the tube lindens while the 
latter is 1lie generative nucleus. vSonietimes an ephemeral cell i)late is laid 
down between these two nuclei (I'ig. but due to its early disorganisation 
lliey soo!i lie free in the cytojdasin. This agrees with the earlier observations 
of v'^cluirJioff (ID^d) on S. sa^illiJolUi. 

The generative nucleus divides inside the ])ollen grain and i)ro(luces 
two spherical male iinclei W'hich soon become spindle-shaped (I'igs. 10 and I 1). 
Usually tliere is no distinction betw*een the general cytoplasm of the ])ollen 
gniin and that surrounding the male nuclei ; but occasionally a very delicate 
zone of lighter staining cytoplasm w^as distinguishable round the male nuclei 
(log. 11) and both kinds of pollen grains imiy be seen in the same anther. 
Tri-niicleale pollen grains have also been reported in the fajnily AUsmacctC 
in S. latiJoUa (Schaffiier, 1807), 5. sa^itlijolia (Schurhoff, Ji/isnia naians 

(Dahlgreii, 1028) and Limnofthylon ohtusijolium (Johri, lO-^b). In the last 
named ])lant Narasiinha Murthy (19t^*i) reports that the male nuclei have a 
definite sheath of cytojdasm around them and are therefore male cells. 

The ovule . — The ovules .are aiiatropous (Fig. 12). The two integuments 
are each two cells thick, but the part forming the micaopyle is usually 



loG. 12. iy.S. cnrp'.l .sliowiiu.; an rinalnipniis ovule with a luuleatc niihryn sac ^ iSO. 

thicker. The inner integument appears about the time, when the megasporc 
mother cell is in the syiiizesis stage, and is fairly well advanced by the time 
it is undergoing reduction (h‘ig. 17). The outer grows more slowly and in 
later stages it fuses with the adjacent cells of the inner integument. 
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111 one case I came across a pair of iiucelli enclosed witliiii the same two 
iiitegiinients. One embryo sac was present in each, lint the exact stage 
of development could not lie determined as the prcjiaralion was not satis- 
factory. Dahlgren (I9‘28) has 'also figured a similar case in DiUtiimmium 
alisma with each nucellus containing a megaspore mol her ( cll. 

The archciiporinm . — The archesporinm is differentiated in the nuccllns 
long before the carpel has closed. Usually there is a single hypodermal 
archesporial cell (Kig. l.‘l), but sometimes there may be two cells lying side 
by side(l'ig. 14) or one U])on the other (lug. 15). Fig. Hi gives an indic ation 
of the ])resence of three archesporial cells lying side by side. Holmgren 
(I9l:i) found a many-celled arches])oriuin in Bulomiis innluiliihis, a plant 
belonging to the closely allied faniil}’^ Ihitomacetc. 



ric.s. 1.) 19. N/ Ci.iO. I' i.!'. I.i. Vuniij-i iiiKvIliJ > iiiL> m.il :in’lu n il. I' i;’. M. 

---Xiii'i'lliis witii t\v>i alH lyi:i!' siiii* liy sidi*. I’i'j;. K"'. Sf.iiK* with tWD 

ri! I'lii'sj.nri.'il crlis 'yiii'.; ••n;' llu* nllu-r. I'lf . l(i. I lirrr ;^vlil■^])■ iri:il cflls. 

17. Mii’.i iiiiu- iiiiie'iT Cfll in im-lapliri'^f. IS 1 i.iiij.'litiT la-lK t.iniifd 

afli/r liv’ti TnlyiM'’ clivisi-Mi; upin-r clcJiriKTatiii:’,. I'l.'i. 1'^. <»i' ihi* Inwi i 

(lyai.l <*i‘ll In inUapliMM*. 

The archesporial cell ftinctions directly as the niegasporc mother cell 
without cutting oil a wall cell. Similar observations have also been made 
in Alisma plant ago, Damnsoitiitm alisma, licit inodonis ranunculoidcs (Dahlgren, 
1928); Limnophylon oblusifolium (Johri, 1935 ; Narasimha Mnrthy, 1933); 
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Sac^ittaria sdf^ittifolia (Dahl.ejrcn, 1934 ; Johri, 1935 ) and Echtnodorus macro- 
frJiyllns 1931 ). Fig. 17 shows a niegaspore mother cell in the 

inotaphasc of the hetcM'otypic division. On division it produces two cells 
of which the onlcr is mncli smaller (I'ig. 18). The nucleus of this cell stains 
rather (l(‘eply and the cytoplasm assumes a crescent-shaped appearance. 
It begins to disorganise \'ery early but its degenerated remains ma}^ some- 
times be detected on the to]) of the embryo sac. It is this cell which Sehaffner 
(189(i) mistook for a wall cell in Alisma plantago and judging from his figures. 
Hall (19(VJ) api)cars to have done the same for lAimiocharis emarf>inala. 
Rarely the nucleus of the ui)i)cr dyad cell may divide once (Fig. 21), but 
sometinu's the dcgenera1if)n is so tpiick that the division starts but is not 
completed. 

I'hc development of the embryo sac. — A tetrad of megaspores is not pro- 
duced. Tlit^ lower dyad cell grows into the embryo sac and thus the deve- 
lopment is of the *‘vScilla-ty])e”. Fig. 19 shows the nucleus of this cell in 
iiietaphase. lb*g. 20 rei>resen1s the next stage, in which the nucleus has 
divided into two and the cell has elongated considerably. The two nuclei 
now move towards the poles and a vacuole appears between them (Fig. 21). 
It is to be noted that the primary chalazal nucleus is from the very beginning 
appreciably smaller tlian tJie primary micropylar nucleus. Jvach of the two 
nuclei now undergoes a further division (l^g. 22), and four nuelei are formed, 
of which two lie at each ])ole oi the embryo sac (lug. 23). About this stage 
or even earlier the nncellar ei)idennis becomes two-layered at several j)oints 
by pericliiial divisions. 

The two micropylar nuclei divide once again bill the two chalazal nuclei 
as a rule do not divide further and the embryo sac thus remains only six- 
nucleate. iCphemeral cell plates sometimes a])])ear on the s])indles (1‘ig. 24). 
In this jiarticiilar case figured here, it is (piite pos.sible that the primary 
chalazal nnclciis of the two-imcleatc stage may not have divided when the 
micro])ylar nucleus divided into two, a.:d then all the three nuclei (two at 
the micropylar end and one at the chalazal end) divided simultaneously 
resulting in .six daughter nuclei. 

The four micropylar nuclei give ri.se to the egg apparatus and the upper 
l)olar nucleus. From the lower two, arise the lower polar nucleus and the 
single antipodal. I'he synergids are pear-shaped and occasionally hooked 
with a large vaeuf)le in the broad basal part and the nucleus in the upper 
part just below the filiform ap])aratus (Fig. 25). One synergid persists for 
a considerably long time, even after fertilisation (Figs. 28-32). The egg 
nucleus always lies in the lower ])art of the egg which protrudes below the 
synergids. The upper i)olar nucleus, which is the largest of all the nuclei 
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tlic nuiiibcr of the aiitij) 0 (liil nuclei may increase by fragmentaiion of the 
lowest clialazal nucleus of the tetra-iiucleate stage. Similar cases were seen 
by me in Limnophylon (Joliri, 1035) and S. sa^iUifolia (Johri, 19155). In 
all cases the antipodjil nuclei took a dark stain with hicmatoxyliu. T never 
saw them separated by distinct walls, though cjdicmeral membranes are 
occasionally present (I'ig. 



scp.'iniliiis till’ li'WiT imlnr iiiiriciis from llu* sitipli’ until)' iihil mirlnis. Kiff. 27. • 
Scvai-inickTilv- i.nil)rvo sar. I'i?;. iS.- Stajic in iloiihlc fi’rlilisation. One male 
mu'lrns apiin^sfrl i<i tlie iiiick-us and tlic oilier to tin* pidar miclei. 
I’ii’. 2‘). -Ikdali'il ^erlili^ation of the I'ii;. 20. Vertilised embryo sue. 

Pollimtlion and Feriilisation. 

Several whorls of creamy white flowers usually with three flowers in 
each whorl are arranged on the scape. In the lower whorls the flowers are 
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mostly bisporangiate, while those in the u])per whorls are chiefly staniiiiate 
with rudimentary carpels in the centre. The ovules in the rudimentary 
carpels have been seen to develo]) as far as the niegasj)ore mother cell stage 
in 5. monteviiJensis (Sykes, 1009). In 5. lauayuaensis the niegasi)ore mother 
cell goes through the heterotypic division, Imt T have not observed any fur- 
ther devcloinneiit after the dyad stage in the carpels of the staniiiiate llowers. 
Tn .S’, (Johri, 19:h'5) the develo])mcnt progresses uj) to the formation 

of a four-nucleate embryo sac but at this stage perhaps the jxillen is shed 
and the flowers wither and fall off. 

Well-dev’^eloiied nectaries arc i)re.sent and ])ollination occurs through the 
agency of insects. In hermajflirodite flowers the stamens mature much 
earlier than the carpels, thus minimising the cliances of self-])olliiiation. 

During its passage through the narrow micropylc, the iiolleii tube is 
very thin and often dilTicnlt to trace, but as soon as it enters the embryo 
sac it swells up. It always disorganises one of the syiiergids and may push 
the egg to one side. Of the two male nuclei, easily distinguishable by their 
spindle-shaped outline and high staining cai)acity, one fuses with the two 
])olar nuclei and the other with the egg. Tri])le fusion cither occurs simul- 
taneously with the fertilisation of the egg or e\'en before it (I’ig. 28). 1 saw 

only one case in which the egg had already been fertilised, while the polar 
nuclei were at their original po.sitions and the second male nucleus still in 
the pollen tube (Tig. 29). The tube nucleus was seen to remain behind and 
degenerate within the ])olleu tube (lug. Double fertilisation has so 

far been reported in the following ])lants of the family Alismuceie Alisma 
(Nit/schke, 19M; Dahlgren, 1928); S. Mi folia (Sehaffner, 1897); 
Limnophylon ohlusifolinm (Narasimha Miirthy, 1922) and Ju'liinodorus uiacro- 
phyllus (Dalilgren, 1921). To these may now be added Sayittayia f^uayanensis, 

Hjidosperw. 

The ])rimary cndos|)erin nucleus always divides j^rior to the division 
of the egg. The two daughter nuclei are separated by a wall, which divides 
the embryo sac into a large niicro])ylar and a small chalazal chamber 
(big. 21). Sehaffner (1897) made a similar observation in .S. latijolia and 
Cook (1997) in .S’, huicifnlia. In Limnophylon (Joliri, 192;i) a di.stinct wall 
is not formed but an ephemeral cell plate is ])resenL In Aliama phnUev^o, 
Damasonium alisma iwid Llisma the endosperm is of the nuclear type 

(Dahlgren, 1928) ; wdiile in .S. sas^illifolia and Lcliinoiloyns macyophyllus it is 
of the typical helobiales ly])e (Dahlgren, 1921). 

The nucleus of the micropylar chamber moves upwards and undergoes 
many free nuclear divisions. The nucleus of the chalazal chamber is much 
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ImCS. 31-34. Im‘k. 31. First division of the primary endosperm nucleus; daufthler nuclei 
separated by a cell wall. X 630. I^'is. 32. h'ertilised ejifj? divided into two 
cells; the endosperm nucleus of the micropylar chamb(‘r has migrated to the 
middle. X ^33. — M'he same with two endosperm nuclei in the miern- 

jiylar chamber; the mtcleiis of the chalazal chamber showinj^ si^ns of division. 
X -^4. 34. Numerous free nuclei lyinJ^ in the iiiicroi)ylar chaiiihcr and 

two nuclei in the chalazal chamber. X 


less active ; visually it divides only once and the two nuclei degenerate 
(I'igs. 32-34). Rarely there may be 3 or 1 nuclei formed as a result of further 
division. The embryo sac has also been growing actively during this time 
and becomes alnuxst doubled uj) on itself. At one extremity there is the deve- 
loping embryo and at the otlier the degenerating endosperm nuclei. The 
endosperm is gradually used up, as all the available space of the embryo sac 
is occupied by the embryo. 

Embryo, 

The first division of the oospore is transverse dividing the egg into a 
large ba.sal and a small terminal embryo cell (Fig. 35). The basal cell does 
not divide further and the subsequent growth of the embryo depends on 
the activity of the terminal cell which divides transversely (Fig. 36). The 
next division occurs in the middle cell and a i^rocinbryo of four cells is formed 
(Fig. 37). Further divisions arc irregular. In Fig. 38 the terminal cell has 
divided first by a vertical wall, while Fig. 39 shows the division of the cell 
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adjacent to the basal cell, finally prodnciiij; a row of five cells (Ing. iO). 

41 shows the division of the terminal cell of a llvc-celled proenibryo 
by a vertical wall, h'igs. VI show the division of the cell adjacent to the 
terminal cell. Inirther dcveloi)ment illustrated by fi'igs. 44-48, is essentially 
in accordance with the observations of other authors (SchalTner, 1897 ; 
Soueges, lO.'il). I'ig. 49 shows a fully formed horse-shoe shaped embryo 
in which all the parts have difTerciitiated. 

V^AGITTARIA I,AT1K()1JA. 

Since most of the plants of the family Alis7}utcecc that have been so far 
investigated, show a six-nucleate embryo .sac, I was tempted to reinve.stigate 
5. latifolia, whicli is the only member of this family reported to Jiave an 
eight-nucleate embryo sac (SchalTner, 1897). The material sent by Dr. N. 
Pfeiffer for this investigation w.is collected late in the season and therefore 
earlier stages leading to the development of the gameto])hytes could not be 
found. A periplasmodium is formed as in other members of the family. 

Male gamelophyte . — Jii two-nucleate iJollen grains the tube and gene- 
rative nuclei are separated by an ephemeral membrane (I‘ig. 50) but this 
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. S'. /(////.; I-;./ hilijiilia. Im’ij:. SO. A t\vo-nurlo:ilc pulU'ii ^r.'iiii willi tul)C and 
i'riuTativi’ mu li-i M par.itiMl ])y ;iii rpluMiUTal ri-ll nuT.iliraiu;. 51. -M'hrcc -nucleate 
pollen wilii ^])lu•:■ic:ll male nuclei. Im”. 52. vS.’inie with spindle sliaped male 

cells, 55. 1 Min.ehler ei II- f. .rmed after tlie lielemlypic division of the ine.i'a.si)ore 

mother cell; np|M*r cell dee.eiiei at m;-; and the hiwer enlar^inj;. h'i.i’'. 54. 'I'\v«)-nncleale 
emhryo ;,ac with ile.'^enerated cell ahi»ve. I•i.^. 55. lomr nucleate emfiryo .sa«* witli 
remains «,f ilu- r,. 11. Nncellar epidermis dividing,. Im'i*'. 5o. Six-nncle- 
ate i inhryo ^;ic with remains of the de.iienerated dy.i 1 cell, \\’\\ >se nucleus (»cca.sionally 
di\id,es before the cell deJii iierates. Im**. 57. -I’iw niicleaU* embryo sac. The primary 
chala/al nucleus has i-ntirely faileil to divid<‘. hi:;. 5S. --'Phree niicU‘i of a four-inicle- 
aU‘ einhryti ^ac. nndere.oini; division, h’i.” . 50 . -S-‘ven nucleate embryo sac ; the t\v«> 
anlii^odal nuclei probably farmed by the division of the lowest chala/al nnclens of the 
four-nncleati: sta.ip*. hie. f»(). Same, the chala/al nnch-iis slnnvini* si.i»ns of frafj- 
meiitatioii. h‘iv.. Ol. h'iyhl -nucleate embryo .sac. All tbe three antipodal !]iiclei are 
Ixinj; in a common cytoplasmic mass. 'Pbeej;:; is situated laterally as in h'ii;s. 50 and 
OO. hill. 02. Sami' with well-ilel'iiied a!itii)o'la1 cidls. 'Plu* eji:;r-apparaliis has 
deiJiciii. rated. 50-52 and 50-02 X 750. h'ij^s. 52-55 X 370. 
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SCHMIIS to huvo been overlookeil by Seluiffner (1807) due l<i ils ([iiiek (lisn|)[)e;ii- 
ance. The generativ'e luieleiis divides and i)r(;di'Kes two s])herJcal male 
iiiielei 51). Aeeonliiig to vSelialTiier the pollen is slu-d in 1his eonditioii 

and the male iiuelei bei'onie spiiidle-sha])ed only allcrwards. .1 have* seen 
pf)llen .grains with sidierieal as v/ell as s])in(lle-shapeil male iinelei 52) 

in the same anther loeuhis. vSehaffner was unable to dei ide whether dellnite 
S])enn veils are organised, or not. In my i)rep'aiai ions 1 have often seen the 
si)erni iiuelei invested with a very delicate lii^hlly staininsj: ariM. He further 
says that when the sperm nnelei have become spindle-sha])ed the tube nucleus 
takes a very dark stain (probably with anilin-safranin and j'entian \ ioIet ; 
see p. 252). I find that with iKematoxylin it sta.ins very li;v;ht]y and some- 
times remains 3 -cllowish. 

Pemede I’ajnelopliy/t.'. — The earlier staees were not seen bv t^clia finer. 
Tile earliest stance, I. could obtain, is shown in 55. Althoi:s;h a hy])oder- 
mal mejraspore mother cell was not seen in the m.ilerial at my disposal, 1 
have no doubt that this does occur and the two cells shown in this lit'ure 
are formed from its division. The upper deeeiierates and the lowt r produces 
the embryo sac (I'ip;. 5.5). The nucleus of this cell divides to produce Hu? 
primary inicropylar and the primary chala/al nuclei of which the latter is 
smaller (l'i^>. 51). Ivach of the nuclei now <iivides once a;.;ain and a four- 
nucleate embryo sac is formed 55). SchalTner slates that all the four 

nuclei flivide once and produce an oii.di1-nucl<Mlc embiya. sac. 

Here my observations differ fn^ni Schailiier’s. for f lind that in the 
majority of I'ases the two chala/.al nuclei of the four-nucleate cm br_\a) sac do 
not undergo any further division ami thus a six-nucleate embryo sac is 
l^iroduced (i'ij^. 55) as in other memlnns of the family that have been n-cently 
investigated by Dahlgreii and myself. Rareh^ tlie primary chala/.al nucleus 
ma)- entirely fail to di\idc so that the embryo sac may remain onh' five- 
nucleate (I'ig. 57) — a condition also seen in I'lcliiiunionts (Dahlgreii, H)28, 
H):U). 

It is true that somcliincs seven- and eight-nucleate embryo sacs are also 
formed (iMgs. 5iS-r)2). In Ibg. 58 only three nuclei — two nucro]>ylar and one 
chala/.al — arc di\'idiiig and this would result in the formation of a seven- 
nucleate embryo sac. iMgs. 50 and CO show such embryo sacs. J,ess fre- 
(lueiitly both the chala/al nuclei (of the four-nucleate stage) may divide 
resulting iii eight-nucleate embryo sacs (Ibgs. Cl -02). 

The syiK’rgids are hooked and the egg nia}' be sometimes jdaced laterally. 
The upper ])olar mieleiis is the largest in si/e. The antipodal nuclei can 
organise into cells (h'ig. 02), but sometimes two or even all the three nuclei 
may be enclosed in a common cytoplasmic mass (Ib'gs. 5C, 59-CJ). 
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Summary. 

S AG ITTARIA G U A YANKNSIS. 

J. The anther has four groups of archesporial cells. The primary 
parietal layer produces the eiidotheciiiiii, a single middle layer and the 
tapcUim. The middle layer degenerates very early and the tapetum produces 
the periplasmodium which is used up as the pollen grains mature. 

2. The microspore mother cells undergo two successive divisions and 
produce isobilateral tetrads of inicrospores. The microspore nucleus divides 
to produce the tube and generative nuclei. The generative nucleus 
divides again and produces two s])indle-sha 2 )ed male nuclei. The mature 
pollen grain is tri-nuclcatc. 

15. The ovules are anatropous with two integuments. The embrj-o 
sac becomes curved in later stages. 

4. There is usually a single hyi)odernial archesporial cell in the 
nucellus. This functions directly as the megaspore mother cell. It divides 
into two cells of which the upper degenerates and the lower produces the 
embryo sac. 

5. The development proceeds in the normal way up to the four- 
nucleate stage. The two micropylar nuclei now divide further to produce 
the egg-apparatus and the upper p(dar nucleus. The chalazal nuclei usually 
do not divide further ; of these the U])j)er functions as a polar nucleus 
while the remaining nucleus is the only antipodal. 

0. Sometimes one or both of the chalazal nuclei divide and the mature 
embryo sac becomes seven- or eight-nucleate. 

7. Double fertilisation occurs. Syngainy f)ccurs about the same time 
as the triple fusion or a little later. 

8. After the first division of the primary endosperm nucleus the two 
daughter nuclei are separated by a wall, which divides the embryo sac 
into a large micropylar and a small ciialazal chamber. The endosperm is 
formed by free nuclear divisions in the microjjylar chamber. The nucleus 
of the chalazal chamber divitles once or twice and then the daughter 
nuclei degenerate. 

9. The development of the embryo corresponils to the Alisma type. 

S. I,ATIl?OI,IA. 

10. A reinvestigation of S. lalifolia shows that this plant is very similar 
to the other members of the Alismacece in having a six-nucleate embryo 
sac and that the seven- and eight-nucleate conditions are much less 
frequent. 
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Inlrodticlion. 

A sitAUCii through the available literature shows that little attention has 
been paid to the family Aizoacete and whatever eiiibryological work has 
been done on this family has already been reviewed in my i)rcvious paper 
on Mollugo nudicaulis (Bhargava, 19.‘U). 

The material used for this investigation was collected locally and fixed 
in forinalin-acclic-alcohol, corrosive subliinale~formalin-acelic-acid-alcohol 
and chrom-acetic acid (chromic acid 1 gm., acetic acid .‘1 c.c. and water 1 00 c.c.). 
Kor older stages in the development of tlie embryo, the ovules were dissected 
out before fixing. As even these did not cut satisfactorily, some ovules 'were 
again fixed in formalin-acclic-ak ohol, and imbedded in paraflin after employ- 
ing the Butyl alcohol method recommended l)y Zirkle (lOllO). The results 
obtained by this method were much more satisfactory. Sections were cut 
5-15 microns thick, stained witJi Iron-alum Ilieniatoxylin and diflFercntiated 
ill an aqueous solution of picric acid (jMaheshwari, 1933). 

Investigation. 

Microsporogenesis.- The earliest stage that I found in a transverse section 
of the anther .show’s the primary sporogenous cell with a jiarietal cell cut off 
on the outside (Ing. J). The latter by further anticlinal and periclinal 
divisions gives rise to four wall layers — the endothccium, two middle lay’ers 
and the tapetum (I'igs. 2-1). The tapetal cells are at first uni-nucleate 
(Figs. 2 and 3) but at the time wdicii the microsporc mother cells arc in synizesis, 
the nuclei divide mitotically and henceforward they are bi-nuclcate (Fig. 4). 
The endothecium dcveloi)s the usual libnnis thickenings at maturity. 

In the meantime the primary sporogenous cells divide to form a number 
of microsporc mother cells which have i^romineiit nuclei and are filled with 
dense cytoplasm. In a cross-section of the anther tw’o to three microspore 
mother cells are seen in each lobe, and each row extends five to nine cells 
deep in a longitudinal section. As in Lathreea clandestina (Gates, 1924) the 
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jjollcii mother cells do not round off and separate from each other, but remain 
in contact throughout the whole process of nieiosis until the final dissolution 
of their walls. The original cell walls thus retain their polyhedral shape for 
a long time, while a special mother cell wall, of a different composition and 
often of great thickness, is laid down inside and in contact with the mother 
cell wall. When contraction occurs in fixing, the special wall often remains 
attached to the mother cell wall while the cytoplasm contracts away from it 
(h'igs. 0-8). As soon as the first reduction division is over, the tw'o daughter 
nuclei enter the second reduction division without any wall being laid down 



Figs 1-4. — Parts of transverse scrtidiis of anthers. X f)40. I'if?. 1. — In one lobe the 
arehesporial cell has divided to form the primary wall cell and primary sporo- 
ffcnous cell : in the other lohe the primary wall cell has also divided once hy an 
anticlinal wall. Fiff. 2.— Two microspore mother cells surrounded by the uni- 
nucleate tapetum, 2-3 wall layers and the epidermis. Fij>. 3. — Older 
sta^jl:e showing four wall layers including the tapetum. Fig. 4. -Mother celts in 
synizesis and the fapetal cells arc tw«)-nuclcatc. 

Figs. 5-8.- Stages in the development of the microspores showing quadripartition hy furrow- 
ing; the special mother cell wall is shown by light dots. X 
Figs. 9 12. — Stages in the development of the male gamclophytc. X 
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between them. After the reduction divisions are over the first evidence of 
further development in the pollen mother cells is the beKiniiiiig of constriction 
furrows in the cytoplasm at four points placed at equal intervals on its i)eri- 
phery (I'igs. 5 -7). These become progressively deeper until they meet in 
the centre and finally cut up the cytoplasm into four masses. At this stage 
the heavy .si)ecial mother cell wall is seen to be entering in between the 
microspores and separating them from one another (I'ig. 8). vSoon after the 
original mother cell wall and then the .sj^ecial mother cell wall rapidly dissolve, 
setting free the four microspores. The dc\'elopmciit and behaviour of a 
similar special mother cell wall has been observed by dates (1924) xwLulhrcea 
clandestina. The arrangement of the microspores is tetrahedral (big. 8). 

Slight differences were observed in the relative develo])mcnt attained 
by the anthers of the same flower, as in some cases one or two stamens already 
had young micros])ores, while in others the dcvelo])nicnl has not i)rocceded 
beyond syiiizesis in the microspore mother cells. Instances were also seen 
where, in the same antlier, the inicrospore mother cells had conqfletely 
degenerated in one lobe while in the other three lobes they had a i)erfectly 
normal a])pearance. The usual intine and exiiie get differentiated after the 
microspores have separated, rounded up and enlarged (h'igs. 9-12). The 
nucleus of the micro.s]j()re divides to form a large tube cell and a small crescent- 
sha])ed generative cell (I'ig. 10). I/atcr, the nucleus (>f the generative cell 
divides (I'ig. 1 1) giving rise to two male cells, which are moie or less spindle- 
shaped (I'ig. 12). There are three germ ])ores < ui each pollen grain (Vig. 9). 

Ovule . — There are about eight to nine ovules in the ovary. The ovules 
become amphitroixnis at a very early stage of their development (h'ig. l.‘J). 



Figs. 13 - 14 .— boiiRiludinal sections of ovules sliowing the clcvoloiHiicnt of the aril. X 
Fig. 15 .— Longitudinal section oi seed, showing a part of the seed coat, i.u, Inner integu- 
ment; O.I., Outer integument. X 



52 H. R. Bhargava 

As in other members of the family, the inner integument is only two cells 
thick except at the end forming the micropyle where it is thicker. Unlike 
any other member of the family so far investigated the outer integument is 
three-layered, and further an aril or third integument begins to develop as 
early as the megaspore mother cell stage. At the megaspore tetrad stage it is 
sufficiently conspicuous (h'ig. 13) and by the time of fertilisation it almost 
completely surrounds the ovule (I'ig. 14). So far I am aware this is the only 
plant of the family which has been found to have an aril. 

Megaspor agenesis. — Usually there is a single hypodermal archesporial cell 
(I'ig. 10) which divides periclinally into a primary w’all cell and the megaspore 
mother cell (l'*ig. 17), but judging from the condition shown in h'ig. 20 it 
seems that occasionally no wall cell is cut off and the archesporial cell functions 
directly as a megaspore mother cell. Sometimes two mother cells have also 
been found (Fig. IH) and the fact, that in one case a two-nuclcatc embryo sac 
was seen together with an eight-nucleate embryo sac in the same iiucellus, 
seems to indicate that occasionally t)oth may function. It is at the megaspore 
mother cell stage that the two integuments make their appearance and as 
mentioned earlier the aril or the third integument appears soon after. The 
megasporc mother cell (mlargcs and elongates considerably (Fig. 19), and after 
the first reduction division is ov^er a wall is laid down between the daughter 
nuclei (I'ig. 20), the lower of the two daughter cells being fre(|ucntly larger 
than the upper. The second reduction division now follows (Fig. 21), but 
the mitosis in the two dyad cells may not i)roceed at the same rate. The 
lagging behind of the division in the ui)per cell (iMgs. 21, 22) and the absence 
of a cell plate, even when the nucleus has divided (I'ig. 23), may be taken as 
evidences of a tendency towards the formation of a row of three cells instead 
of four. A similar condition has been recently reported by Mauritzon (1934) 
in .some plants of the allied family PhytolaccaceLc Rivinia hitmilis, R. brasili- 
ensis, Phytolacca ociandra, Peiiveria alliaceu and Viliam ilia peruviana. 

The primary wall cell usually docs not undergo any periclinal divisions 
but the cells of the epidermis divide freely as can be seen from I'igs. 19-25, 
and a five to six-layered tissue is formed. There are, liowever, about three 
to six epidermal cells, lying just above the embryo sac, which do not divide 
but simply elongate radially (Figs. 22-25) as in M esemhrumthemum pseudo- 
truncatellum (Schmid, 1925), M. linguiforme and Tetragonia expansa (Huber, 
1924). 

The chalazal megaspore enlarges and functions, while the other two 
degenerate. The two-, four- and eight-nucleate stages of the embryo sac 
are pa,ssed through in the normal way (Figs. 24-26). At the four-nucleate 
stage the cells of the iiucellus adjacent to the embryo sac begin to disinte- 
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21 2.1 
1m(‘.s. l6--2»^. Ucveloimieiit uf im^*?asi)ores. 640. 16. — HyiKMlernial archcsporial cell. 


17. - ri-Miiary wall cell and inc«asiKirc iiiutlicr cell. 18. Two me?*asporc 

nudlier cells and two wall cells. Imi^. 10. — An enlarged and eloiiKaled mother 
cell. 20. .A dyad t>f im:i*asporcs ; no wall cell has been cut off here. 

21.- 4'he two dyad cells dividinj*. Fir. 22.- -Three megaspores, the chalazal 
inegaspore has enlarged, the middle *)ne is on its way to degenerate, and in the 
micropylar cell the nuclear ili vision is not yet over. Fig. 23. — Same, the micro- 
pylar cell has two mcgas|>orc nuclei un.separated by a wall. 

grate and degenerate (I'ig. 25) and the mature embryo sac comes to lie 
immediately below the radially stretched cells of the micellar epidermis. The 
polar nuclei fuse long before fertilisation. The antipodal cells are ephemeral 
and disappear at the time of fertilisation. At this stage the chalazal end 
of the embryo sac begins to pttsh downwards into the tissue of the nucellus. 
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Kigs. 24-27. — Stages in the (U-velnpnieiit of tlie einhryo sac. X .^95. h'ig. 24. — Longitudinal 
section of nucellus with a twu nucleate eiiibryn sac; the epidermal cells above the 
embryo sac have elongated radially. Fig. 25. Same, with four-nucleate embryo sac. 
Fig. 20.- --Mature embryo sac ; the black clots round the fusion nucleus represent the 
starch grains. Fig. 27. -Older embryo sac having the fertilised egg and the primary 
endosperm nucleus ; the remains tif the pollen lube can be seen on the right-band side 
of the egg. 

Fig. 28.-- More advanced stage with two endosperm nuclei and the fertilised egg dividing. 
X 395. 

FK’.S. 29-30. — Stages in the development of the embryo. Fig. 29. — A two-celled embryo, 
h'ig. .30.— All embryo-.sac with a filamentous pro-embryo and the free nuclear 
eiidosperm. Figs. 31 -32. — Further stages in the development of the embryo. 
Fig. 33. A young pro-embryo with the terminal cell dividing. Fig. 34. — A globular 
embryo with a long and massive suspensor consisting of .several cell rows. X 170. 
Fig. 35. - An older embryo with the two cotyledons marked out. Fig. 36.- More 
advanced stage with cotyledons and stem tip clearly distinguishable. X 63. 
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The mature embryo sac of Trianihema monogyna unlike that of Mollugo 
nudicaulis (Hhargava, 1934) has been found to contain starch grains scattered 
round the fusion nucleus and the endos])erni nuclei (Figs. ‘2G-28). A similar 
condition has been reported in Tetragonia expansa and Mesemhrianihemum 
linguiforme (Huber, 1924), Mesembriunihemum psendotnmcatelhmi (vSehmid, 
1925), several species of Mesembnanihemum investigated by D'Hubert (1896) 
and Aizoon canariemh (Dahlgren, 1927). 

The pollen tube is large and thick and enters in the usual way through 
the niicropyle. Actual double fertilisation has not been observed but remains 
of pollen tubes were present in all the ovules containing either the fertilised 
egg (Fig. 27) or young embryos. 

Endosperm. — As seen from h'ig. 28, the primary endosperm nucleus 
divides first and the fertilised egg follows soon after. The endosperm is 
free nuclear (Fig. 30) as in all other plants of this family that have been 
previously investigated. The nuclei are limited to a thin jieripheral layer of 
cytoplasm but it is specially dense in the narrow chalazal ])onch which con- 
tinues to push its way down into the tissue of the nucellus until it reaches 
almost to the chalazal end of the seed. The embryo sac now assumes the 
ft)riu of an extensive horse-shoe-shaped cavity into which the embryo con- 
tinues to grow, just as in MolUtgo nudicaulis (Bhargava, 1934). Wall forma- 
tion starts at the niicropylar end and extends towards the chalazal region. 

Embryo. — F'ig. 28 shows the dividing egg The first wall is transverse 
or slightly oblhiue (I'ig. 29). h‘igs. 30-33 show^ further stages in the develop- 
ment of the proenibryo. The terminal cell divides by a longitudinal wall 
(iMg. 33) ; this is followed by further transverse and longitudinal divisions 
resulting in a globular embryo (I'ig. 34). lug. 35 shows a more advanced 
stage where the two cotyledons have just been marked out and F'ig. 36 shows 
a still advanced stage with the stem tip also distinguishable. All the cells 
of the rather peculiar .suspensor, excei)t the four or live just adjacent to the 
embryo, become broadened and divide irregularly thus giving it the form of a 
massive structure of many cell rows (Fig. 31). Dahlgren (1916) also found 
ill many species of Mesemhrianfhemwn and Tclragonia a suspensor formed of 
several cell rows. In Mesembrianthemtim crystallinum (Woodcock, 1930) 
transverse divisions occur in the .suspensor. i)roduciiig a row of cells some of 
which later on divide longitudinally. According to Huber (1924), on the 
contrary, the lowest suspensor cell is strongly developed in Mesembrianihemum 
and the present writer found a uniseriate sus^jensor in Mollugo nudicaulis. 

In the mature seed the inner layer of the inner integument and the 
outer layer of the outer integument become greatly thickened and hardened 
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as in Molltigo nndicatilis (Bhargava, 1934) and in plants of the allied family 
Phytolaccacese worked out by Lewis (1905) and Maiiritzon (1934). Knrther, 
the cells of the outer layer of the outer integument become very much elonga- 
ted and llattened. The outer layer of the inner integument finally gets crushed 
and disaj)pears (I'ig. 15). Both the layers of the aril remain unthickened 
but the cells of the outer layer become more or less elongated in the radial 
direction (Big. 15). 

Ill Mcsemhrianthemnm crystullinmn (Woijdcock, 1930), M. linguiforme 
(Huber, 1924) and Phytolacca americana (Woodcock, 1924) only the outer 
layer of the outer integument becomes hard. 

Diacmaion. 

Bollowing Kngler and Prantl, most .systematists regard the Phytolaccaccje 
as the parent family from which other families included in the order Centro- 
sperniales have originated by development along somewhat different lines. 
In many respects all the families show remarkable similarities but it seems 
fairly certain that the Aizoaccie has dejiarted least from Phytolaccaceie. 

Stem anatomy . — The structure of the stem in a number of genera of both 
Aizoaceae and Phytolaccaceai resembles in having the same type of anomaly 
which results in the appearance of successive rings of vascular bundles in the 
pericycle.* 

Floral organs . — The Aizoacea' resemble the Phytolaccacea in their 
morphologicall}^ apetalous llow'crs. In the showy Mesembrianlhemums the 
members of the outer scries of stamens become petaloid forming a showy 
corolla-like series while in fact the true corolla is absent. In both families the 
perianth is 4 -5 merous and frequently tubular. Tl.e stamens and carpels 
vary widely in number. In both cases the ovary is typically syncarpous and 
contains numerous ovules, but in Pliytolaccacea* each carpel contains a solitary 
ovule while in Aizoaceie each carpel has a row of ovules. 

Ovule . — In both these families the nucellus becomes large and massive 
due to pericliiial divisions of the cells of the epidermis. There are always 
two integuments except in Trianthema monogyna where a third integument is 
also present. The micro])yle is always formed by the inner integument. In 
the mature seed usually the inner layer of the inner integument and the outer 
layer of the outer integument become greatly thickened and hardened. 

Usually there is a single hypodermal archesporial cell which cuts off 
a wall cell, but occasionally more than one archesporial cell is also present. 
In the five species of Phytolaccacese, worked out by Mauritzon (1934), usually 

* For details refer to Pfeiffer (1920) and Solereder (1908). 
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only three megaspores are formed, of which the micropylar contains t\vo 
nuclei and only rarely a T-shaped tetrad of four iiiegasi)ores is formed. 
vSimilar cases of three megaspores have been seen in Tnantliema monogyna 
(Bhargava, 19:^5), Mesembrianihemum eklonis am] M . corymbosnm (Ouignard, 
1882) and MoUugo nudicaulis (Bhargava. 19:U). In both the families the 
endosperm is nuclear and an accumulation of the cx toplasm and free nuclei 
is very commonly seen at the chalazal end of the embryo sac. 

Summary, 

1. The microspore mother cells are surrounded by a bi-micleate taj)etum, 
two middle layers and an endotheciiim. Cytokinesis occurs by furrowing. 
The microspores are arranged tetralied rally. The microspore iiiicleiis divides 
forming a large vegetative cell and a small generative cell which divides within 
the anther lobe to form two male cells. 

2. The ovules are amphitropous and have two integuments. The inner 
integument is two cells thick except at the end forming tlic micropyle and 
the outer is three cells thick. An aril or third integument arises early and 
finally surrounds the ovule. 

3. The cells of the micellar e])idermis divide freely, but those lying 
just above the embryo sac merely stretch out radially. 

4. Usually a single hypodermal arches]H)rial cell is present in the 
iiucellus and this divides to form the primary wall cell and the niegasi)ore 
mother cell. Occasionally two megaspore mother cells are also present. 

5. After the two reduction divisions arc over, three niegasi)ores arc 
formed of which the iiiicro])ylar contains two nuclei. The chalazal megaspore 
functions. 

G. The mat\ire ein1)ryo sac is of the usual eight-nucleate type with 
ephemeral antipodals. Starch grains were seen in older embryo sacs. 

7. The endosperm is free nuclear and the wall formation starts at the 
micropylar end. 

8. The first division of the egg is by a transverse or slightly oblique 
wall. The suspeiisor is long and massive and consists of several cell rows. 
The embryo is of the usual dicotyledonous tyi^e. 

In the end I regard it my pleasant duty to exi)ress my sincere thanks 
to Dr. P. Maheshwari for his valuable suggestions and keen interest during 
the course of inv’estigation. I am also thankful to Messrs. B. U. Gupta and 
B. M. Johri for the help they gave me in several ways. 
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THE LIFE-HISTORY OF OTTELIA ALISMOIDES PERS. 
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(Communicated by Dr. M. A. Sainpathkuniaran, m.a., pIi.p.) 

Iniroditciion. 

Pkkhaps the earliest study of this genus is that of who investigated 

the devclo]niient of the embryo sac in Ottclia Itmcifolia. He observed that 
it conforms to the Hdohiales-tyiio and that the basal ])orlion of the embryo 
sac forms a large pouch with three anti])odals seen persisting for a long time. 
In Enalus acoroides Svedelius^“ observed fairly large antii)odals and a very 
big snsxiensor cell. Vallisncria spiralis has been subjected to detailed 
investigation from various points of view. J^Ufving^ and Ihirr* reported the 
formation of trinucleate pollen grains and the ])Oor development of the 
endosperm tissue. Wylie'” has made an exhaustive study on the mode of its 
l)olliiiation. More recently, Rangasamy'^ has carried out a detailed investiga- 
tion of its life-history and reports that no endosperm tissue is formed. Equally 
interesting and exhau.stive work has been done on Elodea canadrnsis by 
Wylie'” and Santos.'- The former has investigated its life-history and the 
latter has described its sex chromosomes. 

Material and Met-iods. 

The material was collected in the vicinity of Bangalore. It is a com- 
pletely submerged aquatic plant with leaves rolled inwards presenting a 
funnel shape. The ilowers are solitary, axillary and come iij) to the water 
level by the elongation of the pedicel. The material was lixed in Bonin's 
tluid. vSections were cut at 8 to 10 microns and .stained in iroii-aluni- 
hieniatoxylin. 

Investi fiat ion. 

M icrosporof;enests.— The young anther which at first consists of a mass 
of homogeneous cells, shows a four-lobed appearance in cross-section. In 
the young stages the spoiogenous cells cannot be distinguished from the 
surrounding tissue. Oradually the hyixxlermal archesporial cells are differ- 
entiated. They cut off a parietal layer which undergoes the usual development 
and forms an endothecium. a middle layer and an inner ta])etiini (lug. I). 
The tapetal layer consists of large uninucleate cells wdiich gradually coalesce 
and form a ])criplasniodium (Big. 13). Though vSehurhoff^* records that 
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the periplasmodium formation is a general feature of this family, it has not 
been reported in Vcillisneria by Raiigasaniy.^ The middle layer j^ersists 
for a long period till the time of dehiscence of the anther. 'I'lie endolhecinm 
does not develop well (Pig. 1*2). A similar case is observed in VaUisneria, 
where the author further points out that special rigid outgrowths are deve- 
loped from the exothecium. 

The sporogeiious cells divide a mniiber of times and form tlie micro- 
spore mother cells. At first these are distinctly ])olygoiial and undergo 
a prolonged period of rest (Pig. 1). During the resting period the chromatin 
is uneven but gradually it becomes uniform as synizesis sets in. The 
syiiizetic knot is loo.se with the nucleohis being always excluded from it 
(Pig. 2). The double nature of the threatl can be easily made out in the 
loops thrown out from the synizetic knot. During the open spireme stage 
the double threads are .still clear and they are even (iMg. ^). In diakine.sis 
.stage the gcmiiii arc short and do not exhibit the quadruple nature (I'ig. 1), 
but at the heterotypic meta])ha.se this feature becomes evident (Mg. 5). At 
this stage a few of the bivalents are precocious and will have migrated to 
the poles, while the rest are still at the e(|uator (1‘ig. (i). Tlu^ luqdoid number 
of chromosomes is ‘Ul (Pig. T)). During the anaphase a few lagging chromo- 
somes are observed (Pig. 7). 

When the honioty])ic divisions are over, isobilateral tetrads of micro- 
.sporcs are formed which may be arranged in a variety of ways. In addi- 
tion to the normal type (Pig. o) which i^- more common, the tetrads may 
be arranged either in a linear manner (I'ig. D) or a ])air of them at right 
angles to another (I'ig. ]()). Similar ca.ses of dei)arlure from the general 
arrangement have been recorded in a few cases. W'ille*' found that the 
tetrads were arranged indiscriminately in Orchis mascula, Jidh us and I'ypha. 
Dinear arrangement of microspores is common in Ascicpuis (hhye*^). 

Another noteworthy feature in Ottclia (dismvidvs is the degeneration 
of .some of the pollen gniins even at the tetrad stnge (Pig. l.‘i). Many cases 
of degeneration of ripe pollen grains arc also observed in the anther Jocule. 
Similar cases have been noticed in Zostcra and a few Cypcracc(c (Lyon^). 

The mature pollen grain lia.s a tube nucleus and a generative cell (Pig. 11). 
In all the members of the Hydrocharitacccc so far investigated only trimicleate 
pollen grains have been rejxjrted (vSchurholI’^). The pollen grains have 
fairly well developed cxine, though in some acpiatic members as Najcis and 
Zannichellia development of the cxine is suppressed (Campbell*”). 

Ovule and the female gcwietophyie.- The ovary is trilocular with parietal 
placentation. The primordia of the anatropous ovules soon appear on the 
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placental tissue, liach priinordium consists of a mass of uniforiii cells at 
first. Gradually the archesporium which is hypodermal becomes situated 
deeper down by the division of the cells of the epidermal layer (Fig. 14). 
vSometimes a multicellular archesporium is also observed (l-ig. 15). Hut 
even in the latter case only one develops ultimately. vSehurhoff*^ reports 
that the occurrence of a single archesporial cell is a general feature of many 
plants of this family, while Coulter and Chambcrlaiid record that instances 
of monocots showing multii)le archcsi)orium are very few. Ihit it has been 
noticed in Lilium philadelphicum by Chamberlain. (hiignard^ has described 
its formation in Oynith(\(^aluin pyrenaiann. 

In Oltelia alismoides the archesporial cell directly functions as the 
megaspore mother cell. In this respect it resembles Vallisneria spiralis 
(Rangasamy^*). This observation is at variance with that of vSehiirhoff*' who 
reports that the parietal cell formation is one of the general features of this 
family. \Vylie‘** has also described its formation in Elodea canadensis. 

The integuments appear early at the base of the nucellus as concentiic 
rings of actively growing tissue. The large megaspore mother cell passes 
tlirough the usual meiotic cycle and divides to form two nuclei with no cell 
wall between them (Fig. n»). The usual honiotypic divisions follow, resulting 
in the formation of a linear tetrad (Fig. 17). In Vallisneria spiralis, Ranga- 
saniy“ has observed the formation of onh" tliree megaspores, while in Zs/orffti 
canadensis Wylie’ ^ records the formation of six megaspores sometimes. 

Gradually, the functioning chalazal megaspore enlarges and tlie mitotic 
divisions follow, h'rom the binucleatc stage onwards, the embryo sac begins 
to grow in length with a large vacuole in the centre. The mature embryo 
sac is tyi)ically eight-nucleate (Fig. H#). The egg is more or less pear-shaped 
and has a large nucleus at the base surrounded by a dense mass of cytoplasm. 
The cytoplasm and the nucleus of each synergid is situated at its pointed 
micropylar end while the basal portion has a large vacuole. Both the 
synergids are bent in a concave manner at their \’acuolate ends which form 
a chamber in which the egg is suspended (Fig. 19). Of the two ])olars, 
the antiin)dal one is slightly larger. The three nuclei at the lower end of 
the embryo sac are organised to form the antipodal cells (Fig. 19). 

Fertilisation. --Volar fu.sion begins at the time of the entry of the i)ollcn 
tube (Fig. 20). vSyngamy takes place in a resting condition of both the 
nuclei. The polar nuclei are half fused by the time the second male nucleus 
enters into the combination (Fig. 21). 

Embry ogeny.—V\\Q fertilised egg divides forming a large basal cell and 
a terminal one. Tlie former enlarges considerably and remains ])romineiit 
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up to a late stage in the formation of the embryo. One of the synergids is 
also seen persisting for a long time (Kig. 22). After the formation of the 
three-celled proembryo the basii)etal divisions commence thus conforming 
to thQ ,Sagittayia-iy])Q (vSchaflner’®). In Limnophyton obtusifolium also a 
member of the Helobiales, the author® finds a four-celled proembryo before 
tlic terminal cell divides. In Vallisneria spiralis (Rangasamy^*) vaid Klodea 
canadensis (W’ylie^®) a four- to fiv^c-celled proembryo is formed before the 
basipetal divisions commence. The fully developed embryo has a large 
terminal massive cotyledon and a lateral stem tip situated in a depression 
(I'ig. 24). 

Endosperm. — The endosj)eriii formation is rather interesting. The 
primary endo.sperm nucleus migrates towards the chalazal end of the embryo 
sac and divides, accompanied by a wall formation. Of the two chambers 
thus formed the micro))ylar chamber is very big in the early stages (h'ig. 215). 
I<ater on, nuclear divisions follow in both the chambers resulting in the peri- 
pheral distribution of the endosperm tissue which is rather meagre. The 
micropylar chamber, though larger at first, is cijualled in size by the rajiid 
growth of the antipodal one. The latter becomes active, elongates and 
forms a pouch-like structure in which the antipodals are seen persisting for 
a long time (Fig. 25). The formation of a similar structure is reported in 
Elodea (Wylie^®) where it is organised much earlier. This region, in the case 
of Ottelia alismoides, assumes a fairly aggressive haiistorial role and feeds 
upon the chalazal tissue (I'ig. 20). 

Summary. 

1. The microspore tetrads are arranged in isobilatoral, linear or de- 
cussate manner. The lapelum forms a iieriidasmodiuni. The ])ollen grain 
has a cons]>icuou.s generative cell and a degenerating tube nucleus. The 
degeneration of some of the jiollcii grains is also observed. The endothecium 
is not well develojied. 

2. In the iiucelliis there is usually a single arcliesporial cell which directly 
functions as the niegaspore mother cell. Occasionally, a multicellular 
archesporiuni is noticed. 

15. The embr}^) sac is normal in which the antipodals are organised 
into cells. 

4. The embryo is of the Suf*iUaria-ty\>^.. 

5. The primary endosperm nucleus divides accomi)anicd by a wall 
formation. The upper chamber lodges the embryo and the lower one along 
with the persisting antipodals assumes a haustorial rfile. The endosperm 
tissue is feebly developed. 
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111 conclusion the author considers it a pleasant duty to express his 
gratitude to Ilr. M. A. Sami)athkumaran for hcl])ful suggestions and advice 
during the course of this investigation. 
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RXPUANATION OF FIGURRS. 

I'u;. 1. Lor.;>:itii(Hnnl section of a yoiinpr anther showin'j: micros|iore mother cells and the 

dilTerent wall layers. X 900. 

Kir.. 2. Pollen mother cell in synizesis. X 

Fk;. 3. Pollen mother cell in open spireme. X 

Fk;. a . Ptdlen mother cell in diakiiiesis. X 

Fir.. 5. -I’ollen mother cell in heterotypic melaphase showing 3h bivalents. X 

Fir., o. Pfillen mntlier cell in heterotypic metaphase showiiiR two precocious chromosomes^ 

mi|[*ratin£i to the p<»les. X 

Fir.. 7 . — I’ollen mother cell in heterotypic anaphase shovvinji: a few lagsiiiK chromosomes. 

X 1800 . 

hir,. 8. Isohilateral tetrad of microspores. X 000. 

I'lr.. 9. Linear tetrad of microsi)orcs. X 0(X). 

h’n;. 10. Decussate tetrad of microsfiores. X 

1^*11.. 11. Mature pollen grain showing the crescent-shaped generative cell and a tube miclens. 
X 900. 

Fir,. 12.- A portion ol tlic anther wall at the time of dehiscence showing the ill-developed 
cndothecium. X 900. 

Imc;. 1.1. A i)orti<m «)f the anther locule with three kinds of microspore tetrads; one degenerat- 
ing miemspore is seen in two of the tetrads; also tapetal peritilasmodinm. X 900. 

Fic. 14. l.ongitudiiial section of a young ovule showing a single archesporial cell. X 900. 

Fig. 15.— r.ongitudinal section of a young ovule with multiple archesporium. X ^^^9. 

Fig. Ih. Fir.st divisi<in of the megaspore mother cell. X *^90. 

Fic. 17. Formation cif the linear tetrad. X *^90. 

Fig. 18. — The enlarging chalazal megaspore with three <»thers degenerating. X *^00. 

Fig. 19. Mature embryo sac with the egg apparatus, tla* two pulars ami three antipodal 
cells. X 

Fig. 20. — F.ntry of the pollen tube and polar fusion. X '''^’9- 

Fig. 21. — Triple fusion, X hSOO. 

Fig. 22. — First division of the fcrtili.sod egg with one persisting synergid. X 800. 

Fig. 23. The emhryo sac divided into two unequal chambers by the division of the primary 
cnd(»spfrin nucleus; a thrcc-ccllcd proembryo is .seen in the micrf)i)ylar chamber. 
X 400. 

Fig. 24. - Late embryo showing the terminal cotyledon and the lateral stem tip. X 400. 

Fic. 25.-- -The enlarging chala/al and micropylar chambers. X ^90. 

Fk;. 26. The chalazal haiistoriiim an<l the persisting antipodal s. X ^9. 
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Among the birds of tlio genus ( oracias wc find in Wcnyon* : Coraciaa indica 
in wliosc blood Plininier in 191:^ and 19M recorded a Hamopndt'us. ( oracias 
abyssinicus in whose blood Carjiano found a Ilmnoprott us in 191 .‘5 in luitrea, 
A. el ^1. I^eger in 1914- a H (vmoproiens in 19‘25 (specimen from Alnssinia) ; 
A. et M. begcr a Leucocytuzoon in 1 9 1 4 in Sciu-gal. Coracias f^arntlits in whose 
blood Daiiilewsky recorded Trypanosoma avium in 1^85 in v^oulh Russia; 
Cardarnatis a Hcemoprotcus in 1909 in Greece ; W ulker a liccmoprolcus in 1919 
in Macedonia ; Daiiilewsky a Jhrmopndens in 18S9 in South Russia ; Willker 
a Leitcocylozoon in Macedonia in 1919. 

Our bird (one spccinien slu.t at Corlim, department of Ilhas, identified b^' 
Dr. Baini Prasad) sliovvi;- Uie ft»iIowing ])arasites : 

(1) Hccmoprotciis. — Sexual dimorphism j bown by the tinctorial reactions 
of the proto])lasni whic h stains blue in female gainetocytes and is colourless 
or slightly yidlowish blue (iii males. 'J'he young forms of female gametes 
are small and more or less o\’oid. W’heii grown up, beautiful hallcridcs 
embrace the nucleus of the red cells, which is disiilaeed at the periphery. The 
protoidasin of the female is ah eolar and does not stain uniformly ; the blue 
tone is more ])ronounced on the jioles and is lighter on the centre. Some 
specimens show the violet rings whicJi we have found also in .some other 
.species of this genus. The halteride forms may be pointed with a kind of 
tail-like appendage, but when fully grown ui) they arc broad, regular, lodging 
in their concavity the nucleus of the host cell. The pigment is yellow brown 
collected in minute granules or big dots and showing a tendency to collect 
on the poles. The nucleus of the female gametocytes is either compact or 
more or less granular. When free, the female gametocytes are roundish or 
oval, blue protoplasm, nucleus compact or irregular, pigment irregularly 
scattered over the body in clusters or isolated granules. 
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' ,The male j^ametocytes show the same forms as the female ones, a little 
more irregular ill young stages. The pigment shows the same apjiearanre, 
perhaps more definitely collected on poles than in females in fully grown-uj) 
specimens. Nucleus, under the form of an irregular spireme. When free, the 
male gametocytes are roundish, the protoplasm having a slightly violet 
bluish tone. 

The red cell is slightly hypertrophied. 

So many H (rmoprotcita have been recorded in other Coracias that it 
is very dilficult to autonomise our species without consulting the original 
papers of the authors who studied them. The way in which the female game- 
tocyte stains, with the ])oles deej) blue and the centre in lighter tone constitutes 
for us one characteristic of this parasite as well as the colour and the form of 
distribution of the pigment. 

We note however that none of the authors who studied the Hcemoproieus 
of Coracias have named them : so rejecting the idea that it should be identified 
with H. danileK'sky, as many authors have done concerning the Hamioproteids 
of birds in general, we are in a position to classify the species as Hamoproieits 
coracice, which will take a trinominal designation, if not entirely similar to 
those already described. vSo wc present this sp. as H(nnoprotcus coracice 
benghalensis sp. n. (var. nov ?). 


I 1 ...—I 

20 microns 

(2) Leucocytozoa. -Two s])ccies of l.cucocytozoon have been found by 
us in this bird, distinct enough to be considered as scjxirate species. Before 
describing them and making some remarks on a number of points which the 
study of these parasites suggests, we will refer to the literature already 
quoted in the description of our Lcucocyiozoon chloropsidis,’’ and point out 
some other facts from otJier papers at onr disposal. 

Coles® states that he has found Leucocyiozoa in many birds, as jay, thrush, 
blackbird, pigeon, starling, moorhen and many others apparently all of the 
round type. He has never seen the si)indle-shapcd B. " It may be argued 
that the forms I have met with have been the spindle-shaped specimens which 
have become rounded off after the blood w^as taken from the body. I am 
convinced that this has not been the case (except perhaps in a few' cases in 
which the bird had been dead some time) as films were made and fixed at once 
by osmic acid vapour, or a fresh drop of blood was covered with a cover-glass 
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and examined immediately and in no case has there been any approach tollie 
appearance of a spindle-shaped body. " 

As far as concerns this point of a transfonnation of the so-callcd -spindle- 
shaped ly. into round L., we have in this bird deliiiite evidence that these 
two forms belong to two different si)ecies for the following reasons : 

(а) the structure of the s{)indle-shaped Jy. is finely' alveolar and it 

takes a more or less light blue totie to Leisliniami or a light grey 
to lleidenhaiii’s iron lueniatoxylin ; that of the round J,. is very 
compact, uniformly deep blue (beislimann stain), or \ery dark 
(hcTinatoxyliii) with some white circular spots givijig the impression 
of vacuoles devoid of any substance ; 

(б) the nucleus of the spindle-shaped L., central or sub-central, is long, 

oval or reniform, whilst that of round b. is circular, with a stronger 
nuclear membrane, and much smaller comparatively to the former. 

(c) the forms of the spindle-shaped Jy. which become free never take 
the round, almost circular form of the second b. They are oval 
and show a structure entirely similar to the contained in those 
cellules h comes of bVench authors. 

** It is difficult to dogmatise as to the nature of the host cell ; generally 
it seems to be a leucocyte or an immature red cell” continues Coles. We 
prefer for the present not to advance any hypothesis on the nature of the 
cells. But we posse.ss enough elements to state that contrrry to the opinion 
of the authors wlio say that each of these b. aUacks one special cell (see the 
literature (pioted on the description of L. chioropsidis), both these species of 
b. attack the same kind of cells. Their nucleus has tlie same structure in 
both cases and moreover, between the forms contained in the cellules ft comes 
and the free forms of the same parasite we find all the transitional stages 
where sometimes the poles of the cells are missing (one or both), or so slightly 
stained, almost vanished, that it is difficult to detect their existence. Among 
these traiLsitional forms wc find somewhere the nucleus alone remains attached 
to the b. just as in the case of the second b- On these grounds we arc 
convinced that both these .species of b. attack the same cell and that the 
second one has the proi)crty of lysing the cell i)rotoplasm much more rapidly 
and completely than the spindle-shaped b-, which however does it too, to a 
certain extent. 

From the description and microphotographs illu.strating the paper it 
seems that Coles has been happy enough to observe the divisional forms 
of the b. of the thrush. 
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In 1914 Uoihricis (in 

Wggyon's book type which for 

th^'^hvenicnce of we will ^ There is iiotliing 

peculiar in this h. but the Remarks of the authors concerning tlie nomenclature 
shoulcl be recorded : Dunilcwsky a emplbyc cn 1889^ le mot Leticocytozoa 

pour designer d’unc fa<;on gcnerale les parasites aj^ant leur sii^ge dans les 
leucocytes, sans creer sous cc titre un genre bien dclini. Depuis. lors, on a 
appli(|ue la denomination dc Jycucocytozoon a des Trotozoaires qui appartien- 
nent a des genri*s differents : llemamibcs des oiseaux et Ilemogregarincs des 
iMaminif^Tes parasitant des leucocytes ct on a attribute a des genres 
differents des hematozoaires de ineine genre, suivant qu’ils parasitaient des 
heni.ilies on des leucocytes (llemogiegarines des niamniifercs) ; il est demon- 
tie (pie certains lieniat( 3 zoaires des oiseaux classee coniine L. parasitent des 
heiiaties et (pie chez certains ar.iniaux a sang froid, la iiK^me lieniogregarine 
parasite laiitdl les heiiiaties ct tantcjl les Icucotytes. J^a confusion est done 
ciniiplMe. ” 

The authors insist that this parasite lives in the red cells and add : "la 
conclusion a tirer de ces fails est (pie les heinalozoires eiidoccllulaircs nc doivent 
pas etre classes suivant les cellules (pi’ils parasitent, niais d’apres leurscarac- 
teres morphologiques ct ('ivolutifs et epic le genre lycucocytozoon lionl la 
creation a He ailribuce h tort h Dunilca sky (italic ours), ce nous semble, n’a 
pas sa raison d'etre." 

Coniines* describes a spindle-shaped J,. in Adiir badius var sphenmus, 
which he names L. Martyi. 

Moldovan® describes in the smears of organs "a cote des gaini'tes typiipu'S, 
des formes incluses dans des cellules niononncleain s (lymphocytes on erythnj- 
blastes) (?) (pii d’apres leurs caractercs devaieiit r*tre interpr(!*tees coinmc 
des schizontes jeunes du Leiicoeytoznou Ziemamii. . . . bes formes les plus 
jeuiies entrent deja eii relation avec le noyau de la cellule parasilee, soit en 
s'accolant a lui, soit en phiHrani particllcmcni a son inlerienr on cn Ventonnint 
sans le de former (italic ours). A un stade dc devcloppement i)lus avance 
d’uii certain noinbre de ces trois varieles de schizontes (italic (HUs), on trouve 
le noyau du jiarasile en division. lyCS divisions nucleaires sc succedent 
rapidement et on arrive a Irouver des schizontes possedant, comnie jc viens 
de dire, plus de :50 noyaux. Nous n'avoiis pas encore constate la formation 
de merozoites." 

Wenyon* remarks that this jirocess is similar to that described by Coles 
and by Kiiuth and Magdeburg in L. anseris in Germany as occurring in the 
internal organs, either within mononuclear cells or free in the plasma and 
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that the forms oDsei!y|^^y ^^ese V^^ohMy correctly 

interpreted as schizonts/-;;. v,. .. ^ 

Marcel Leger* describes : 4- “ce ]&Sse 
trouve iiichis dans des celleles HMes arrondies. C'est' dn parasite dcs leuco- 
cytes monoiiucleaires.*' And this classification of the host cells as well as 
the description of their form as arrondies is made, despite that “ de la cellule 
hole on iie pcr(;.oit, dans la majorite dcs cas, que le noyau rejete a la perijdierie, 
deforme, bossele, allonge et bordant le parasite sur un tiers on nienie line 
moitie de sa peripheric/' With such elements we do not know how it was 
possible to describe the host cells as roundish and classif}' tliem as mono- 
niiclears as the author does again when referring to the male gainetocytc. 
He says : “le noyau cst le seiil vestige de la cellule hole, est bien plus de- 
chiquete et se colore moins bien (pie celui (run mononuclvaire (italic ours) 
hebergeant une forme femelle/’ 

Describing le L. marclinuxi from Turf nr anrilns llK-ri* are at least senne 
elements to try to classify the host cell, “la cellule liote, arrondie, restc 
jirescpie toujours intacte. T^e protoplasnia colore en ^ris hleu (italic ours) 
])ar le Diemsa a])])arait en bordure du parasite, he noyau aplali et rcfoule, 
se colorc iiormalement ; il est certainenient atrophic mais non cii Karyolyse.” 

Or ^risblcH is also the colour which takes the spindle-shaped poles of the 
host cell harbouring the L. of the A type. Will not then the host cells in 
both cases be of the same nature, diftereiitly deformed by tiie specific action 
of these types and will it not be more advisable to classify these types of h. 
as different genera ? 

We will now descril)e our Lencocylozoa, f .and either on the blood, or 
ill the smears of the lungs, more abundant in these smears. 

7'v/>c A. — Ovoid, included in a fusiform cell, whose jioles are greyish 
blue to Ronianow.sky and slightly stained at Heideiihaiii’s iron hematoxylin. 
The nucleus of the host cell is attached to one side of the jiarasile which on 
this account has sonictinics a bean sha])cd lorin. lUit its real form is ovoid 
as Avc can see either in free forms or in those where the nucleus of the 
host cell occnjiics a central position vis-a-vis of the parasite. Many forms 
have been .see»i where the host cell has lost one or both pidcs, reduced only 
to the nucleus. 

Prcitoplasiu constituted by a fine alveolar net well marked with iron 
lueniatoxylin. At Roinaiiow’sky it stains blue, but lighter than in l\pc 13. 
Sometimes large vacuoles are also seen, but the structure of the t^rotoplasm, 
framed on this general type shows so many individual variations that it is 
impossible through it to try to find out sexual dimoiphisni. 
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We have found in one specimen only, among hundreds studied, a lot 
of very small rose granulations around the nucleus. 

Sexual dimorphism is distinguished fey the structure of the nucleus, 
recognisable not to Romanowsky but to iron hscniatoxylin. Its form is ovoid 
or bean-shaped, its position central or sub-central. There are two types of 
nuclei : one small with karyosome and centriole or only with centriolc- — 
it belongs to the female gametocyte ; the other, much larger, often oval, 
elongated, or even bean-shaped, filled with granules not strongly sideroph}^, 
and without any trace of centriole — it belongs to the male gametccyte. 

The proportion of this Leticocylozoon to the other is from 35 to 5. We 
have met only adult ganietocytes. No >'oung form, no schizogonic stage 
was seen. Ratio of breadth to length 2/5 in intracellular forms and 4/7 in 
free forms. 
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Type B. — Sjdierical, attached to the nuclear substance of the host cell 
from which no other structure is seen. The constitution of this host cell 
nucleus seems entirely similar to that wdiich lodges the Ty])e A. 

Protoplasm compact, deep blue to Romanowsky, much darker than that 
of Type A to iron haematoxylin. No alveolar net h«s been evidently seen, but 
many vacuoles, generall}'' small having .sometimes larger dimensions almost 
white and not stainable at all appear in the proto])lasm. As all specimens 
seen had the same tone of coloration and the nucleus with karyosome, it 
seems to us that we have found oiilv one type of ganietocytes. P^ornis of 
different sizes, the free ones absolutely spherical and not ovoid as in Type A. 

The study of these lyeucocytozoa shows that we are definitely dealing 
with two species autonomous and independent and it convinces us that while 
the first type ma}" be classified as Leucocytozoon (genotype universally accepted: 
L. ziemanni), the second one has, as all the parasites of this type, enough 
characters to constitute an independent genus to which the name of Marcel 
I^eger should be attached. For the present we do not advance more on this 
line, hoping for further material to settle this point. 
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Kor classifying these parasites we are not aw'ari^^'otthe characters of the 
I/, of Coracias abyssinicus and of Coracias garrulus..- <^ As no specific naime is 
registered in Wenyoii, always so careful to record all specific naiiics, it seems 
that we are allowed to give the following nomenclature : — 

l^pe A — Leucocytozoon coraciee hen^halensis. 

Type H — Leucocytozoon (or new genus to be created ?) jsp. 

(3) A mihrofilarium was ])resent in such a scanty number, that we have 
found only four specimens in all the slides examined. Provided with a slieet. 
Anterior i)ole rounded. Posterior pole tail like, free on its last part from the 
nuclear mass which begins at six to seven microns from the anterior pole, as 
a compact mass. Three spots, the median (situated sometimes a little behind) 
in V or crescent form. In the middle of the l)ody there is a very regular ovoid 
body, stained in rose ])y beishmann and corresponding to the central Viscus of 
Manson. The caudal sj)ot oval, very regular, bength 50 - 55 . Breadth 
4 — 5 microns. 

N. -One specimen of ('oruciax hcttifliali'itsix shot at Din ( identifie^l l»y Mr. S. !i. 

Prater from bombay) did not sIkjvv any parasite at all. 
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Seed Coat Colours — A Case of Linhat^e. 

[n Dolichos lahlab (Koxh.) and (I.,.) there are three major seed coat colours, 
Khaki, Chocolate and Black, occurring in both held and garden varieties. 
In addition to these three colours there is a fourth colour, Buff, which has 
so far been met with in held varieties only. In this Bull, the colour of the 
seetl coat is Buff excej)! at the micropylar zone which is colourless and white. 

In each of the three seed colours Khaki, Chocolate and Black, the colour 
may l)e present either over the whole of the seed coat or be re.stricted to 
portions thereof. The coiiiiiionost instance of restriction in the manifesta- 
tion of these colours is in most of the wdiite grains in which the colour is 
confined to the niicropyle, edging the rajhie and concentrating again at the 
caruncle. I'rom the caruncle there is a s])tir of colour ending in a fork. Near 
the caruncle there is a small patch of dotted colour on the body of the seed 
coat. This re.striction of colour to the above zone may occur in all the three 
colours, 'fhere are thus three kinds of white grains with the above restricted 
colour pattern, which for the sake of convenience are designated Micro])ylar 
Khaki, Micro])ylar Chocolate and Microj^ylar Tdack. No varieties coloured 
Khaki, Chocolate or Black have been met with in • hich the niicroj)yle is 
wliite. It may be notetl that there is a variety of lahlab, Burman in origin, 
wiiich is white and in which there is no micropylar colour, and this type 
of w^hito is not considered in this article. 

In tlie case of the Bull .seed, how'ever. a restriction of colour as explained 
above has not been met with. W’e do not therefore have a Mi('roi)ylar Buff 
with a white seeil coat, similar to those existing in the colours, Khaki, Choco- 
late and Black. A Buff .'iced coat colour and an absence of colour at the 
inicroi)yl;ir zone are the characteristics of this Bull coloured seed. 

ICach of the w'hole colours Kliaki, Chocolate and Black has j^roved a 
simple dominant to Buff. Crosses between Bull and eacli of these three 
colours have given first generation plants in which the Buff characteristics 
w'ere sujjpressed. In the second generation simple moiiohybrid ratios were 
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obtained between the whole colours Khaki, etc., and Buff with its colourless 
inicropyle {Tables I, II and III). 

TAB1.K I. Buf X Khaki {F^ - Khaki). 


F 2 Family jNo. 

Khaki 

BiilT 

D, L. 102ii . . 

78 

21 

„ 1027 . . 

91 

29 

„ 1028 . . 

70 

20 

Total 

239 

70 

Expected, ^ : 1 ratio . . 

230 -25 

78-75 

Tablk TI. Buff X 

Chocolate (B, 

1 

Chocolaie). 

Ka Family .No, 

Ohoeolale 

ItiitT 

D. li. 781 

100 

32 

„ 808 

G1 

18 

Total 

104 

ro 

Expected, 3 : 1 ratio . . 

! 100-5 

i 

53 -5 

Tabt.k III. Buff X Black (/* 

1 

Black). 

Fg Kaiiiily No. 

j 

lllaek 

iiuir 

! 

I). L. 789 

ti.S 

19 

„ 791 

54 

20 

,, <99 . . 

57 

16 

„ 802 . . 

52 

17 

Total 

231 

72 

Expected, 3 : 1. ratio . . 

227 -25 

75 -75 
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A factor designated K exists in all the three colours Khaki, Chocolate 
and Black and this factor is absent in Buff. This factor K brings about 
the Cf)lf)iir Khaki (the basic colour for Chocolate and Black). Along with 
the ])roduction of Khaki colour, this K colours the microiwlar zone. 

A second factor Iff is responsible for the presence of colour in the body 
of the seed coat, barring the micropylar zone. When this is present the colour 
of the seed coat is Buff. With K this gives the wholeness (Body and Micro- 
pyle) to the colours Khaki or Chocolate or Black. A monogenic differ- 
ence has been found in segregations between whole colour and micropylar 
colour in llu‘ three colours Khaki, Chocolate and Black. The three follow- 
ing tables summarise the t^xperiences met with (Tables IV, V and VI.) 


Tablk tv. 

Micropylar Khaki x Khaki {F^— Khaki). 


E 2 Family No. 

Khaki 

Micropylar 

Khaki 

From T). L. 002 

19 

15 

„ „ cot 

49 

14 

1). L. 802 

30 

11 . 

„ 805 . . 

27 

7 

Total 

1.55 

•17 

Expected, 3 : 1 ratio 

151 -5 

50 -5 


Taiu.k V. 

Micropylar Chocolate x ChocolaU (F^— Chocolate). 
Ka Family 


From I). li. 003 


lOlil 


Total 


Chocolate 

Micropylar 

(dioeolate 

11 

0 

24 

14 

25 

0 

60 

22 

61-5 

20-5 


Expected, 3 : 1 ratio 
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Fa Family .No. 

Black 

Mioro]>vlar 
Black . 

From 1). L. 821 

22 

8 

„ „ 8-11 

11 

■1 

„ „ 843 .. 

20 

8 

„ „ 850 .. 

58 ' 

IS 

„ „ ass .. 

2S 

8 

Total 

MS 

10 

Ex poet 0 ( 1 , .‘1 : 1 riitio 

.M.5 

18 .5 


The two sets of nionogeiiic segregations recorded above of K : k and 
Bf : bf are sinif)le by themselves. An interesting combination of this expe- 
rience arises when the Buff with its colourless mieropyle is mated with anj' 
of the three other colours restricted to the mieropyle. The first generation 
gives a whole colour, Khaki, Chocolate or Black according to the mieropyle 
concerned, but in the second generation the segregation is a 2 : I : 1 of 
K Bf : K bf : k Bf. 

Khaki : Micropylar Khaki : Buff 

or Chocolate : Micro])ylar Chocolate : Buff 

or Black : Micropylar Black : Buff 

The genotype k bf with an all-white seed coat was absent proving that 
K bf and k Bf are absolutely linked (rule Tables VII, VITI and IX). 


Table \TI. Buff x Micropylar Khaki (l'\~ Khaki). 


Fa Family No. 


. 1j. 

.11.^ 

114 



197 


7? 

498 



499 



508 


7 y 

509 



510 



51 1 


?} 

545 



510 


9) 

547 



518 



Total 

Expected, 2:1:1 ratio 


Khaki 1 

j 

Micropylar 

Khaki 

BnlT 

79 

39 

32 

125 

55 

57 

29 

10 

13 

13 

1 

0 

1.8 

0 

8 

69 

30 

27 

74 

44 

51 

49 

31 

22 

53 

21 

33 

95 

54 

43 

89 

43 

38 

80 

32 

32 

77 

40 

37 

850 

427 

399 

838 

419 

119 
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Table VIII. Buff x Micropylar Chocolate {F ^-Chocolate) . 


Fg Family No. 

Hiocolate 

Micropylar 

(’hocolal(‘ 

Buff 

D. \j. ho.'i 

ILLS 

57 

51 

„ S5I 

94 

58 

45 

„ nr.r, .. 

100 

40 

49 

„ 550 

98 

53 

42 

„ 558 . . 

110 

67 

51 

„ 55!) 

110 

60 

51 

500 

89 

39 

47 

'I’otal 

721 

375 

342 

Expt'olpil, 2:1:1 riiiio . . 

720 -5 

360 -25 

360 -25 


Table TX. Buff x Micropylar Black (l\ Black). 


Fg Family No. 

Black 

M i(*roi)ylar 
Black 

Buff 

1). L. 183 

43 

18 

17 

„ 710 

40 

19 

28 

„ 711 

20 

16 

If 

„ 717 .. 

12 

i 7 

j 

7 

„ 718 .. 

16 

1 

1 

6 

Total 

131 

69 

72 

Expected, 2:1:1 ratio . . 

136 

68 

68 

... 





A factor Cli with K gives tlie Chocolate colour and when there is a 
dihyhrid segregation between the seed colours Chocolate, Khaki and Buff 
the simultaneous segregation fr^r whole colour to micropylar colour is consist- 
ent with the genetic hypothesis that K bf ajid k Bf arc absolutely linked and 
the phenotypes Chocolate, Khaki, Micropylar Chocolate, Micropylar Khaki 
and Buff are realised in the expected proportions 6 ; 2 : 3 : 1 : 4 (Table X). 
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Tabijc X. 

Buff {ch) X Micrnpylar Chocolate (/•', Chocolate). 


F, 

Family Xo. 

Choeolaio 

Khaki 

]\ricropyhir 

<1ioc(da1e 

Miero])ylar 

Khaki 

Buff 

D. L. 52« . . 

7i 

21 

31 

11 

46 

„ 528 .. 

61 

M 

20 

9 

10 

„ 529 .. 

JOl 

36 

31 

17 

51 

„ 530 

95 

30 

15 

22 

65 

„ 531. .. 

62 

22 

31 

9 

32 

„ 532 .. 

53 

! 

1 21 

27 

1 i 

11 

„ 533 .. 

38 

13 

15 

12 

28 

,, 531 . . 

131 1 

69 

71 

21 

98 

Total .. 


2LMi 

2S.3 

118 

107 

Expected, 

(> : 2 : 3 : 1 : 1 


1 




ratio 

«19.5 i 

1 

2()(!.5 

309.75 

103.25 

113 


Summary. 

There are four seed coat colours in Dolichos lahlah, uaniely, Black, 
Chocolate, Khaki and Ihiff. Khaki is the basic colcmr for the other two 
colours Chocolate and Black. In Buff, tlie body of the seed coat is coloured 
Buff, but the niicro])ylar zone remains white. In the lirst tliree colours, the 
colour ma3" be either on the ^^hole of the seed coat or conrmed to the iiiicro- 
pylar and caruiicular zone. 

A factor K has the effect of producinj; the Khaki colour and colouring 
the microi)ylar zone. A factor Bf has the effect of producing the Buff colour 
and colouring the whole of the seed coat except the niicro])ylar zone. It 
is found that K bf and k Bf are absolutely linked. 
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/. Occurrence and Description. 

In the seed nuiltiplicatioii block of one of the Coimbatore strains, Co. 4, a 
sterile plant was noticed in the season of 19112-JUk It looked slightly more 
erect and .sliorter than the others with iioii-emergent panicles and coiitiiiiicd 
to grow and produce fresh tillers when the rest had stopped growth and 
ripened their ears. The ilower opening was not normal in this plant and the 
anthers were consider abl}'^ reduced and non-dchiscent. The pollen was 
found to be all aborted (Idate IV). The ovaries for all external appearance 
looked normal but would not set seed even when pollinated with normal 
diploid ])ollen. The ])lant was proi)agated vegetatively over two or three 
seasons and nearly a thousand ovaries had been cross-pollinated without 
any succe.ss. It would apj)ear that ovule sterility is nearly as complete as 
])ollen sterility. The ])lant resembled the parents in all its pigment and 
morphological characters and should evidently have arisen as a mutant. 

This plant closely resembled another mutant designated ‘male sterile’ 
in external characters but differed from it in its cytological behaviour 
(Ramanujam, 19)55). The sterility in the case t)f the i^reseiit mutant has been 
found to be due to lack of pairing of homologous chromosomes at meiosis. 

Similar asynaptic plants have been noted in Maize (Beadle, 1930), 
Nicotiana (Clau.sen, 1931) and Datura (Bergner, Cartledge and Blakcslee, 
19)54). In these cases the mutations appeared as heterozygotes which on 
breeding showed the mutant character to be a simple recessive to the normal. 
In Maize, it was further possible to confirm the inheritance by artificial 
crosses, as about 10% of the ovules set seed on ])eing crossed with normal 
pollen. In rice, artificial crossing, to study the inheritance of this character 
has been unsuccessful, and heterozygous individuals occurring spontaneously 
have not been met with so far. The meiotic behaviour of this mutant 
described in this note, closely resembles that of the other asynaptic plants 

80 



An Asyuaptic Mutant in Rice 


81 


and this would appear to confirm the presumption that this mutant is gene^ 
tically similar to those reported in other genera. 

2. Cytology. 

(a) Materials and Melhods. -Studies of meiosis in tlie asyuaptic plant 
were largely confined to micr()spt)rogenesis as it was difljcull to get suitable 
preparations for a study of mcgas])orogcnesis. Aceto-carmine smears of 
pollen mother cells and material sectioned in i)araflin and stained with Iroii- 
Aluin-Hiemaloxylin and Todine-Gentiaii- Violet were largely used for tlie 
study and drawings w'crc made with the aid of a camera liicida at 2,000 and 
()00 diameters and reduced to :} the size in re])roduction. 

(1)) First Meiotic Division . — The youngest inicrosporocytes of the 
asyna] 3 tic plant exhibited ‘synizesis* and resembled those of the normal. 
When however, the .synizetic knot unloosened and the chromatin threads 
condensed to form the diakinetic chromosomes, no ])airing was visible and 
later instead of the twelve bivalent chromosomes characleristie of 
normal jdants, twenty-four univalents apj^c^ared at the stage correspond- 
ing to diakincsis (Idg. 1). At metaphase (Fig. 2) no closed bivalents 
were seen but chromosomes were sometimes noticed doosely attached 
at one end only. A true reduction division was abvSeiit and the 

' I 

twenty -four univalent I'hroniosomes were irregularly distributed in the 
])ollen mother cells at lirst anaphase (Figs. 3 to 7). At this stage the 
behaviour of the chromosomes, in several resi)ects, resembled tliat of the 
rice haploid (Ramiali, Farthasarathy and Uanianujan» 11)11.*!). The chromo 
sonies were distributed to the poles in all combinations like I -| 2.*!, 2 4- 22 
and so on to 12 | 12. In many cases the distribution of the chromosomes 
was either throughout the cell or on the spindles only. The si)indles were 
of dilTerent sizes, shai)es and number and these ])robably determine the 
distribution of the chromosomes at first anaphase. Such a connection 
between the spindles and chromosome distribution has already been sug- 
gested by Bergner and others in Datura. Some .spindles were .short aiul 
broad and these evidently determined such distributions as 0+24, 1 -i-23 
and 2 4 22. Others were long and they extended either lengthwise 
(F'ig. 9) or in a crescent-shai)cd maimer (I'ig. 8) from i)ole to pole. 
In such cases, the chromosomes lagged at the plate and formed a third group 
more easily than when the spindles were short. Although one bipolar 
spindle was formed in most cases, tripolar and occasionally supernumerary 
and even split spindles (Fig. 10) were noted causing diverse distri- 
bution of the chromosomes at first division, bometimes the chromosomes 
strayed into the cj+oplasm and failing to be included in the daughter nuclei 
formed independent nuclei (Fig. 11). As a result of these irregular 
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distributions, instead of two equal cells associated with the end of first 
division in normal plants, two cells, more often unequal than equal, and 
even three cells were formed. Occasionally a portion only of the cell was 



pinched off while all the chromosomes collected together in a single nucleus 
in the pollen mother cell amounting to non-reduction. In rare instances, 
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failure of reduction and formation of a single nucleus at the end of the first 
division was also noticed (Kig. 12). Additional nuclei in daughter 
cells were common at this stage. Very occasionally the cells resulting from 
the first division included nuclei that appeared to be degenerating. This 
phenomenon has been noticed by lieadle in Maize. »Splitting of univalents 
so characteristic of inter-specilic and inter-generic hybrids was occasionally 
observed in some cells (I'ig. 9).. Such cases have also been noticed 
in the asynaptic plants of Maize and Datura. »Similar phenomenon has also 
been observed in the rice haploid and triploid (Rainiah, Parthasaralhy and 
Ramarmjam, Giant cells, the result of coalescence of a number of 

pollen mother cells, with a large number of chroniosonies assorting on several 
s])iiidles, were noticed in aceto-carinine smears examined in 19IV2 Illl season. 
Hut these, however, were not noted in 1933 34. It is ]) 0 .ssible that the season 
has some iniluence, as lias been noticed with regard to the fertility of pollen 
in tciraploids (Rainiah, Pjirthasarathy and Ranianujam, 1935). vSnch j)las- 
niodial masses have been recorded by Headle and McClintock (1929) in maize 
and Gaines and Aase (1920) in wheat. 

(r) Second Meiotic Division. The second division was generally normal. 
But the cells were, however, commonly aberrant as a result of irregularities 
ill the first division. Some of the cells in second meta])liase are ligured in 
Pigs. 13 to 18 which show the irregular distribution of chromosomes at 
first division. Although cells with varying number of chromosomes were 
to be seen at this stage, those with 1 1 | 13, 12 | 12 and 14 | 10 were the most 
common. Supernumerary .spindles and lagging chromosomes were sometimes 
also observed at the .second division (b'igs. 19 and 20). Occasionally, single 
cells with twenty-four uiLsyiiaiised chroiiiosoines in the .stage corres- 
ponding to (liakinesis, were noted in anthers in which the majority of cells 
were undergoing second divi.sion. These probably are the result of anieiosis 
(suggested by Beadle for maize) which leads to the formation of unreduced 
spores. That unreduced spores also result from failure of first division and 
the splitting of univalents at second division was apparent in rare cases. 
Diminutive chromosomes recorded in maize were not noticed in rice. 

[d) Tetrad of S pores. -^^onirnWy a microsporocyte is divided into a 
quartet of cells, the nucleus of each containing a set of twelve chromosomes. 
Here, as a result of the tw^o irregular divisions, very few^ pollen mother cells 
showed a tetrad of equal sized spores characteri.stic of iiornials. Microspores 
and microcytes of varying size and number were formed (Figs. 21 to 26). 
The spores soon degenerated and a mature anther contained only shrivelled 
aiid apparently empty pollen grains. 



An Asynaptic Mutant in Rice 


8S 





In general mciotic behaviour this mutant rcseni])les those where a single 
reeessive gene has been found to cause asynapsis at nietaphasc in Maize, 
Datura and Nicotiana. With regard to lack of bivalents at metaphase, the 
rice mutant resembles Datura but it differs from Nicotiana and Maize where 
varying number of bivalents has been noted to occur. While the asynaptic 
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plants of Datura, Nicotiana and Maize have given rise to some progeny 
either through their pollen or ovule, that of rice has not set any seed so far. 
Pollen of asynaptic plants of Datura used on the ovaries of 4w plants have given 
rise to tetraploids while normal pollen on maize asynaptic plants have yielded 
triploids. The pale steriles in Nicotiana have given rise to trisomics and 
monosomies when pollinated with normal pollen. Thus it is seen that such 
genetic factors as the one responsible for asynapsis afford an additional 
mechanism, besides many others already known, for the formation of aulo- 
polyploids and polysomtcs. It is possible that such forms may arise from 
the asynaptic plant of rice which is being continually propagated vegetatively 
and crossed with normal plants reciprocally. 

4. Summary, 

An asynaptic mutant occurring in the bulk crop of one of the Coimbatore 
strains, Co. 4, is described and observations of its meiosis reported. 

This plant closely resembles another mutant of rice designated 'male 
sterile’ in external apiJcarancc, but differs from it in its cytological ])ehaviour. 

Meiosis in the microsporocytes of the asynaptic plant is characterised 
by complete failure of synapsis at metaphase and the presence of univalents 
leading to irregular distribution of chromosomes at first division. Splitting 
of univalents, presence of lagging chromosomes and supernumerary spindles 
are some of the other irregularities of this division. 

vSecond division is comparatively more regular but is not free from irre- 
gularities like the presence of multiple spindles and lagging chromosomes. 

Micro.spores of different numbers and sizes are formed in each pollen 
mother cell, as a result of the irregular divisions and these soon degenerate 
into shrivelled pollen grains. 

A cknowledgments. 

We are deeply indebted to Mr. K. Ramiah, Paddy vSpecialist, for kind 
encouragement and guidance in the investigation . and preparation of this 
article. 

REFERKNCHS. 


1. Readle 

2. Bcrgncr, Carticdge and 

Rlakcsloc 

3. Clausen, 

4. Gaines and Aasc 

5. McClintock 

6. Ramanujam 

7. Ramiah, Partha.saralhy 

and Ramanujam 


Cornell Uni. Ayri. luvpt. Stn. Memoir, 1930, 129. 

Cytoloyia, 1934, 6, 19. 

Amcr. Nat., 1931, 65, 316. 

Amcr. J. Bot., 1926, 13, 373. 

Genetics. 1929, 14, 180. 

Mad. Ayri. /., 1935, 23, 190. 

J. hid. Bot. Soc., 1934, 13, 153. 



S\ Raimmu jiwi ami 
K. PavthaMmithy- 


Proi, hid, Acad, Sci,. P, voi, //, /V. /P, 





An A synaptic Mutant in Rice 


87 


8. Ratniah, Parlhasarathy 

and Ramanujam Current Science, 1933, 2, 170. 

9. Rainiah, Partlia.saratliy 

and Kainannjam .. Proc. lud. Acad. Set., 1935, 1, 565. 

EXPLANATION OK PLATE AND FIGURES. 

Pi.ATK 1. — Pollen of iifirnial {a) and a.synai)lu' (/>) plants ( Aeeto-carniinc .smears. N<( 150). 
Fig. 1. Stage corresponding to Diakincsis in the asynaptic plant (Gentian violet. X 2000). 
Fig. 2.- Mctaphase (Gentian violet.). 

Fk'.s. 3-7. — First anaphase showing irregular distribution of chromosomes (Gentian violet.). 
Fig. 8. — Crescent -.shaped spindle at first division (Gentian violet.). 

I'^iG. 9. — A straight spindle with univalents .splitting (Cientian violet.). 

Fig. 10.- -A .split .spindle (Gentian violet. X 2000). 

Fig. 11. -Pollen mother cell after first division showing additional nuclei (Gentian violet. 

X 2000). 

Fig. 12.- Pollen mother cell where, after the first division, a single nucleus is formed (Gentian 
violet. X 2000). 

Figs. 13-18. — Second metaphase showing irregular distribution of chromo.somes in the two cells 
(Gentian violet. X 2000). 

Fig. 19.— Second anaiihase with lagging chromosomes (Gentian violet. X 2000). 

Fig. 20.— Second anapliasc showing supernumerary .spindles (Gentian vi()let. X 2000). 
t'lGS. 21 2o.- Different kinds of niicro.spore groups ( Aceto-carmine smears. X f>00). 
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TyiiiiK (1900) crciilccl a subfamily, rsilostominiu, for the? rL*co])tion of the 
two genera- Psilosiomittn and Psilocliasmus. Odhner (10 III) described several 
new genera and added considerably to our knowledge of the group. He 
further considered the advi.sability of raising the group to the status of a 
family, rsilostomida\ Travassos (1021) gave an account of a species of a 
new genus Lvpei'oychis under the family Psilostomidte. lyinton (1028) in his 
account of the Trematodes from North American birds recorded several new 
sjiecies of the genus Psil(*stomum, some of which do not aj^pear to us to con- 
form to the generic diagnosis. Hhalerao (I0:il) added yet another genus, 
Teslijyondosd, fnmi the intestineof pigs from India to the family under review. 
In the cour.se of our investigalitins on the Trematode parasites of birds, we 
liave recovered a few' specimens from the intestine of a kingfisher, shot at 
lyuckiiow and these aj)pear to be new to science. They are desciibed as a new 
genus of the family. While reserving our crilicisn..^ to a later stage, v\e must 
say here tliat the discovery of this new genus under the family Psilostomida' 
has revealed certain points of .systematic value that necessitate the revision 
of our knowleilge of this interesting grou]) of Trematodes. 

Psiloychis indicus N.O., N. vSp. 

The body of this Trematode is long llattciicd, leaf-like and gradually 
tapers towards either end. It is 8-57 mm. in length and lias a maximum 
breadth of 1 • 17 mm., wdiich is at about the middle of the body near the ovary. 
The body is covered over with smooth cuticle and is devoid of any spines or 
scales. 

The mouth is subterminally situated at the anterior end and is surrounded 
by a small oral sucker, which is not powerful. It is *17 mm. b^^ -1 mm. in 
size. The ventral sucker is strong and powerful and is much larger than the 
oral sucker. It measures -75 mm. by -65 mm. and is situated at 2/9th 
88 
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portion of tlie body from the anterior end. The genital pore opens in front 



of the ventral sucker, between it and the 
intestinal bifurcation. 

The nioulli leads into a short ])repliarynx, 
measuring '18 mm. in length. The pharynx 
is globular, thick-walled and muscular and is 
•18 mm. by •!() mm. in size. Tliis is followed 
by a small oesophagus, -OO mm. long, and this 
latter bifurcates into two intestinal diverticula, 
running laterally to the posterior end of the 
body, ending blindly a little in front of it. 

The excretory pore is situated at the 
I)osterior end of the body and leails into a 
short Y-sha])cd excretory bladder. The two 
horns of the Y lead into long excretory ducts 
which ramify in the body of the animal. 

'file ovary is oval and is situated slightly 
l)ehind the middle of the body. It measures 
• II mm. by •2r> mm. I'rom its pexsterior end 
arises a short narrow oviduct, which after a 
short course is met by the common yolk dud . 
Here it forms the boty])e, which receives the 
I^aurer’s canal and the uteius also arises from 
it. There is no rei'eptaculnm seminis in the.se 
forms and the doty])e is surrounded by a 
large number of unicellular shell glands. 



FIG. 1. 


Fig. 2, 
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Tlie vitelline are distributed behind the ventral sucker, as large 

nnniber of diffused follicles laterally on either side of the body to the posterior 
end. 'J'liesc glands are ehieilj'' extra-cieeal in i)osition, but at places they 
project inwards interior to and covering the intestinal diverticula. At 
the po.stcrior end of the ])ody they predominantly Ijccoinc intra-ctccal but 
unlike other genera of Psilostoniidie and the KchinostoinidaL' they do not 
meet in the middle line. They all lead by their minule ducts into the lateral 
vitelline ducts on either side, and at the level of the botype these lateral 
vitelline ducts join the transverse vitelline duct of its side and the two 
transverse ducts unite behind the botype to form a median vitelline duct. 
This duct before entering the botype collects its yolk into a small pear- 
sliap(?d yolk rcservfdr. 

The uterus arises from the right side of the botype and forms an anterior 
loo]) round the latter. It then turns round behind it arid in front of the 
anterior testis it turns forwards along the right side of the ovary. Then 
it follows a zig-zag course forwards to open at the genital ])ore in front of the 
ventral sucker as an elongated metraterm. The eggs arc large oval vstructures 
measuring from '125 — •130 mm. by -08 — 1 mm. 

There are two testes, more or less bean-shaped, situated behind the ovary 
and are tandem in position, h'ach testis is i)rovided with an external lateral 
funiculus that leads forwards into a narrow vas deferens. Tlie anterior testis 



Fig. 3. 
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is situated behind the ovary at a distance of *5 iiini. and measures *75 mm. 
long by *42 mm. broad. The posterior testis measures *75 mm. by -30 mm. 
in size. 

The vesicula seminalis, formed by the union of two vasa deferentia in 
front of the ventral sucker, is retort-shaped and anteriorly leads into a short 
ductus ejaculatorius and the cirrus. It opens at the genital pore close to 
the opening of the metraterm, the opening being slightly dextral. situated 
between the intestinal bifurcation and the acetalndum. 

The characters of the genus Psilorchis may, therefore, be summed up 
thus : — 

1 . Lcaf-like bod)^ devoid of spines. 

2. Ventral sucker much larger than the oral sucker. 

II. Short Y-shaped excretory bladder. 

4. Dextral position of the genital pore in front of the ventral sucker. 

r». Ovary in front of the two testes, in the posterior half of the body. 

C. Receptaculuin seminis absent. 

7. Uterine coils in front of the testes. 

8. Vitellaria behind the ventral sucker and do not meet those of the 

other side posteriorly behind the testes. 

9. Short cirrus and retort-shaped vesicula seminalis completely in front 

of the ventral sucker. 

The genus described above belongs to the family rsilostomidpc, which 
also includes the genera Psilostomum, Psilochasmus, Psilolmjia, Apopharyvx, 
Spheeridiotrema, Lyperorchis and Testifrundosa. The present form differs 
from Psilostomum in the dextral position of the genital pore, in the ])osition 
of the vesicula seminalis, in the short cirrus and in the absence of the posterior 
coalescence of the vitellaria. I'rom Psilochasmus it can be distinguished in 
the shape of the posterior end of the body, the shape of the excretory bladder 
and the ])osition of the vesicula seminalis. It can be differentiated from 
Psilotrema in the absence of the body spines, in the j)osition of the ventral 
sucker, in the shape of the excretory bladder, in the length of tlie uterus with 
numerous eggs, in the position of the ovary and in the j)osition of the genital 
pore. It can readily be distinguished from Sphcvridiolrema and Apophary'nx 
by the shape and position of the ventral sucker, the ]josition of the ovary and 
the uterus and the genital pore. It differs from T estijrondosa in the aksence of 
the receptaculum seminis, shape of the testes, the position of the vesicula 
seminalis, the shape of the ventral sucker and the presence of the prepliarynx. 
The genus Testifrondosa, it may be mentioned, is unupje amongst the members 
of the family Psilostomidai in having a receptaculum seminis and it appears to 
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us that it shoiikl be removed from this family on this account. We will urge for 
its inclusion under the family Allocreadiidsc with which it shows several 
other features in common. 

The only other genus of the family is Lypcrorchis and this is characterised 
by the absence of the uterine coils behind the ovary, the peculiarly drawn 
out and sinuous testes, the ]3reseiice of two processes round the oral sucker, 
the absence of prepharynx and the 2 )resence of an armed cirrus. 

Thus, the present form stands out clearly from all the known genera of 
the family. 

The family Psilostomidac appears to show variations in structures of 
some of the im])ortant organs in the body. The chief modifications concern 
tlie cirrus, the ])osition of the genital ]3ore and the length of the uterus. The 
))reseuce or absence of the ])ody spines is also a feature in which the genera 
show variations. 

The cirrus is long and powerful in Psiloslomuin and Sphirridiaiyema, 
and is also arnieil in lyperorchia. In Psilorchis n.g. it is the .shortest. The 
reduction in si/.e of the cirrus can be traced through the series 7\s//ar/n/.s;nns— > 
Piiilotrcma—> A po pharynx, where there is gradual reduction in size and ulti- 
mately we arrive at the condition found in the present genus Psilurchis. 
The cirrus jxitich likewise .^hows corresponding reduction in size in the series. 

The gejiilal |)ore is situated in between the ventral sucker and the in- 
testinal l)ifurcation in Psiloslomuni. In Psiloircnia and Apopharynx it lies 
at the level of the pharynx, while in SpJuevidiulrcma it comes to lie at the 
liinder end of the month sucker, an extreme stage in the family. Thus, the 
gradual shifting forward of the genital pore can be traced through the genera 
of the family. This seems to have its elTcct on the length of the uterus, which 
is sli()rte.st in Psilnirenia and contains only a few (*1 5) eggs. In A popharynx 
it is a little longer and contains more eggs. In other genera it is very long 
and contains many eggs. Tlie elongatioji of the uterus may also be due to 
the gradual shifting backward of the ovary. In Apopharynx it is situated 
at the level of the ventral sucker, while in Psilofrema it is behind the ventral 
sucker. In l^silorchis it has liually shifted much beliiiid in the ])osteTior 
half of the body. 

The presence or absence of reccptaculum seminis also seems to be an 
important feature for consideration. It is entirely absent in the family 
under review, but is i)reseiit in the allied family Allocreadiidsc. lAilie (1909) 
mentions that the reccptaculum seminis is present as a small structure in 
the subfamily Psilostominac. Odlmer (1913) who revised the work of Liihe 
nicntioiis its absence in the entire family, Psilostomidac, — at least he could 
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not see it ill any of the forms described by him. Thaler, hhihrmann (1928) 
confirms Odliiier’s view in mentioning the absence of reco])taciihini seiiiiiiis 
in the family under review. We have failed to find it in Psilorchis and some 
other genera in our po.s.scssion. Bhalcrao (19:^1) mentions its jjresence in 
his genus Testifrondosa, which' he has ]daccd under the family Psiloslomida*. 
It is surprising to note that he has not shown it in any of his figures, lie 
has, howev'^er, mentioned that owing to the development of tlie shell glands 
this structure is oliscured in whole mounts. If this statemt'iit of Hhalerao 
is accepted a.s correct, we fail to niider.stand how, on the presence of the re- 
ce])taculum seminis, this genus could be included under the family Tsilo- 
stomidtC. Wc venture t() suggest its removal to the family Alhjcreadiidie, 
with which it (T csli frond osa) shows several other resi*mblances besides, 
the ])osition of the ovary in front of the two testes, the jwesence of the uterus 
lietween the ovary and the ventral sucker. 

vSiiiiilar variations in the structure of the cirrus, genital pore and nterns 
have been traced for the members of the family Allocreadii(l;e, with which the 
|)reseiit family appears to show' relationshii)S. The two families show' i)arallel 
lines of evolution along divergent lines. It aj)pears tliat the ])rimi1ive form 
amongst the family Psilostomidie shows greater resemblance to a form not 
much removed from Allocrcadiinn and the condition in Psilostomida* may 
possibly have arisen from Allocrea<lii<l;v by the loss of the reeeptaculum 
.seminis, probably through the genus Teslifrondosa. 

KXP1.AXATK.)N OV KKVUKKS. 

Tmo. 1. rsilorcliis indiius n.sr.. ii.sp., ventral vivw. 

2- rsihurliis indicits, .sli<»\vint 4 uvary ainl rn!l\[»L- rmnplcv. 

S. r.sHi)riliis iiiiiiiiis, slin\vin;» ^riiila! jmiii- ami lliv cirm's. 
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Although the Myxophyceii" arc mainly a vegetation of thetroines no serious 
and continued clTort has yoi been made to record all the forms that grow in 
this large country. Tii recent years Carter, (iliose, lb iilil, Biswas and the 
writer have recorded a number of blue-green alga* from a few limited areas, 
but the number of species described is yet too small and most of the country 
still remains to be explored. A more vigorous and consolidated effort should 
therefore be made to record the myxophyceous llora of this land. The writer 
has been collecting these alga for several years from various localities in the 
north, especially in the United Provinces, the Punjab and Kashmir, and has 
decided to deteriiiiiie them in lots. The present pai)er deals with twenty-one 
forms, representing ten genera, collected from Benares.* With the cxcejAion 
of Gheocapsa airata (Turp.) Ki'itz., which was found growing on a damp wall, 
all the forms are aquatic. Out of tw’cnty-one plants described below , seven 
are new species, three are new varieties and four are new forms. 

SVSTICMATIC IVNUMHRATIOiN OV THIC OnSlCRVKn. 

1. Chroococcales. 

Cliroococcacecr. 

Genus Microcyslis Kiitzing. 

1. Microcyslis a’ritfiinosu Kittz. Oeitlcr, in Rabenhorst’s 
flora von Ktiropa, XIV Band, CyanophyccaL J9;30-.-52, p. h'ig. ollr/. 

Colonies spherical when young, elongated and distinctly broken through 
when old. Sheath indistinct. Cells wdth pscudovacuoles. 

T^at. cell., 3 -4 *5 /I. 

Habitat : — Planktonic in a stagnant 2 )ond. 

2. Microcystis flos-aque^* (Wittr.), Kirchii. Lemmermann, Krypto- 
gamenflora d. Mark Brandenburg, hi, Algcn I, p. 75, 1910; hi Engle r-Pr anti 
Nat. Pjianzenjam. 1, la, p. 50, 1900. 

* Benares is .situated in latitude 25^' 19' N. and loiif'ilude 83^^ 03" Jv, at a hcii>Iit of 
267 feet above moan soa-Ievcl. The lu»ttost months, namely, April, May and Jiino. Ikivo a 
mean inaxiimim tompcraliirc of 113.2'^K., the higlicst toinpiTature rocurded boiii” 117®E. 
The coldest months are December and January and they record a mean minimum temperature 
of 39‘^F., tlic e-\trcmc minimum temperature being 36°!'. June, July, August and vSeploniber 
are the chief rainy months, and during this period the rainfall averages aI)ont 33", the 
average annual rainfall being alx)ut 40". 
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Colonies more or less rounded, unbroken, with indistinct sliealh. Cells 
splierieal, with pseud ovacuoles. 

Jyat. cell., 8 () /X. 

Habitat iManktonic in a stagnant pond. 

8. MicrocysHs ramnsci Sp. Nov. (b‘ig. I, A). 

Colonies h)ng, varying greatly in form and size, irregularly branched, 
constricted at intervals to form daughter-colonics w'hich are ultimately broken 
off. Daughter-colonies ai first almost coni])act and rounded, later elongated 
and irregularly branched like the parent. Sheath thick, unstratitied, hyaline, 
and rather indistinct, stained violet with methylene blue. Cells sjdierical, 
with ] )seud o V ac u ol es . 

hat. cell., .8 5 fL ; diam. colon., up to 80 /t ; long, colon., up to 1,(500 /x. 

Ilaldtat : -IManktonic in a stagnant pond. 

Tliis si)ecies resembles Microcystis pseud ojilamentosa Crow in its elon- 
gated form and being composed of small colonies which break off and grow 
again into compound cohmies, but it differs from the Ceyh)n species in its 
much larger colonies and rather snudler size of Hie cells. The Benares sjiecies 
also differs in it.s branched habit and living never broken through or reticulate. 

Genus Aphanotapsa Nivgeli. 

•t. Apluuiociipsti hauircsensis v^p. Nov. (I'Mg. 1, H). 




A — Microcystis ramosii Sp. Nov.; \\ -Aphanocapsa henaresensis Sp, Nov. AX 150; BX 1,200. 
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Plant-mass soft, spherical, hollow, irre.u[iilarly broken, hyaline or cream- 
coloured. Cells oval or almost spherical. Sheatli thick, iinstratificd, 
hyaline, closely adpressed to the cells. 

Diani. plant-mass, up to 1 -5 cm. ; hit. cell., /i ; lat. vag. up to 

1 /X. 

Habitat : -Planktonic in a stagnant i)oiid. 

This alga approaches Aphanocapsa Roescana de Pary according to the 
key given by (',eitler [op. cii.), but it differs in the size and colour of the 
plant-masses and also in the size of the cells. 

Oetius Glccocapsa Kiitzing, emend. Niegeli. 

5. CReocupsa alrala (Turp.) Kiitz. (leitler, op. cit., p. 18(1, Pig. Hoc. 

Plant-mass expanded, gelatinous, slightly hard, of indefinite shape, 

pale-yellow. Sheath thin, h 3 'aline. nn stratified. 

Diain. colon., up to 50 fi \ lat. cell., 3-1 5 /x ; lat. cell., cum vag., 
5-2 -M -5 /X. 

Habitat : — On a damp wall, near a small water reservoir in the writer’s 
house. 

If. HORMOCONIAhlvS. 

(rt) Oscillaioriacece. 

Genus Lynghya C. Agardli. 

6. Lynghya Maylensiaitd Mewogh. Oeitler, in Pascher’s Die Siissiaasser- 
flora Deutschlands, Ostcrreichs und dev Schweiz., Heft 12, Cyanophycea, 
1925, p. 107, Pig. 521a. 

Forma (Pig. 2, A). 

Pilaments single, long, straight, rarely slightly’ curved. Shcalh thick, 
firm, hyaline, dillluent on the outside and exhibiting an uneven surface. 
Trichomes uniformly thick, without constrictions at the joints and with 
a row of coarse granules on either side of the indistinct cross-walls. Cells 
flattened ; apical cell broadly rounded. TTonnogoncs consi.sting of one to 
many cells ; single-celled horniogone often getting turned over and pre- 
senting its flat surface in optical section. 

Long, fil., up to 3 mm. ; lat. vag., up to 3-1 /x ; lat. trich., 10-5 /x ; 
long, cell., 2-15 -2 /x. 

Habitat : — On dead leaves, among other alga*, floating in a stagnant 
pond. 

This form agrees with the type in (1) the presence of granules by the 
side of the indistinct cross-walls, (2) the end-cell being broadly rounded, and 
(3) the colourless thick sheath ; but it differs from the same in (a) the fila- 
ments being generally straight and not curved, and being single and never 
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in bundles, (b) the tricliomes being a little broader, and (c) the sheath being 
diffluent on the outside. 



Fin. 2. 

A“ Martensiana Mene^Ii. foyma \ li— terminal portions of two trichomes and 

C—portion of filaimint of Micrxvoleus fhtfumol^ltutfs Tluir. All X910. 

Genus Microcoleim l)esniazi?‘res. 

7. Microcnlens chihonifplastcs Tliur. Ooinont, Monographie de Oscil- 
larUes, 189:^, PI. XIV, Pigs. 5 8. (Pig. 2, B and C). 

T/it. cell., /a ; lat. vag., up to 10-8 ft. 

Habitat:— In a stagnant pond along wilh other alga*. 

This alga differs from tlie type in the cells bi*ing U]) to four times as long 
as broad, and the apical cells l)eing fx'casionally broadly rounded at the apex, 
although as a general rule they are conical. 

(h) Rivulariucece. 

Genus Caloilirix Agardli. 

8. Calothrix scytonemicola'^ Tildeii. Minnesota Alga*, 1910,1, p. 265, 
PI. 17, Pig. 7. (Pig. A and B). 

Forma. 

I^ong. 111., up to 350 [I ; lat. cell., up to 6 -3 /a ; lat. heterocyst termin., 
4 -2 -6*3 /X ; long, heterocy.st subtermiii., 9-4 21 /x ; lat. heterocyst subter- 
niin., 4 *2-7 -3 /x. 

Habitat: — On other algie (e.g., Aulosira) growing on floating dead 
leaves in a stagnant pond. 

* Ocitler {op. rtf., 1930-32, p. 627) does not write well about this species and also about 
Borge's variety brasiliensis. 
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This form differs from the type in the sheath being generally distinct 
and the heterocysts being smaller, the terminal ones being also i)rovided 
with finely granular contents. The distinctive feature in this form is the 
presence of basal heterocysts in pairs, one spherical or almost spherical and 
the other cylindrical. The other specnes of Calothrix possessing two ba.sal 
heterocysts are C. conjervicola Kg., t\ slafinalis (lomoiit and C. ('asielli Krerny 
with which there, is no reseiiiblaiice of the alga under discussion. 

9. Calothrix Ghosei Sp. Nov. (I'ig. C — L*). 

Filaments in groups, .straight or slightly bent. Sheath very distinct, 
thill, hyaline. Mature trichonies with slight constrictions at the distinct 
.septa ; terminal portion not tapering into a hair and the terminal cell being 



Fia. 3. 

A and B — scytonemkola Tilden ; C and D— ba.sal portions and E and F- terminal 
portions of filaments of Calothrix Ghosei Sp, Nov. ; Calothrix Fritschit Sp. Nov. 

\,B, G-J X900; C-F X640. 
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either sharply pointed or roiuicled at the apex. Cells quadratic or barrel- 
shaped, slightly longer or shorter than broad. Heterocysts single, basal, 
almost spherical or slightly broader than long, enclosed within the sheath. 
vSpores single adjoining the basal heterocyst, cylindrical with rounded end- 
walls, the outer w^all being smooth and hyaline. 

Long, fil., up to ‘250 /x ; lat. ill., 7 *5-15 -7 fx ; lat. cell., G *3 8 *4 /x ; lat. 
lietcrocyst., 4 *2-0 *3 /x; lat. spor., 10 -5-12 ‘5 /x ; long, spor., 31 *5 52 -5 /x. 

Habitat : — l^'piphytic on a si)ecies of Cham in a stagnant pond. 

This alga resembles Calothrix gracilis I'ritsch in (J) its epiphytic habit, 
(2) the absence of a hair-like termination of the trichomc, (3) a distinct thin 
sheath enclosing the basal heteroc^^st, and (4) the cylindrical spores; but it 
differs from the same in (a) the rdaments being shorter and broader, (i) the 
heterocysts being slightly narrower than the trichonies and being almost 
spherical or slightly broader than long, but never hemispherical, (c) the 
absence of intercalary heterocysts, and (rf) the larger s])orcs. 

10. Calothrix Fritschii vS]). Nov. (h'ig. 3, (j — J). 

h'ilanients generally in groups of 3 to 7, straight or slightly bent, {^hcath 
very distinct, thin, hyaline, closel}" adpre.ssed to the trichonie. Trichonies 
with constrictions at the joints and tapering into a long hair, the terminal 
portion of which is generally unsheathed ; septa distinct. Cells barrel-shaj)cd, 
as long as broad or slightly longer (or sometimes slightly shorter) than broad ; 
cells of the hair very much elongated and almost rectangular. Ilelerocysts 
ba.sal and intercalary; basal heterocy.sts .single, .sjdierical or sub-spheiical ; 
intercalary hctcrocysts single or in pairs, s])herical, (juadratic or cylindrical, 
adjoining the basal spore or occasionally sepanted from it by a small dis- 
integrated cell. Spores single, adjoining the basal heterocyst, cylindrical 
or sometimes somewhat conical, witJi rounded end-walls ; outer wall smooth 
and hyaline. 

Long, til., up to 420 fx ; lat, trich., u]) to 6 ’3 /x ; lat. lietcrocyst., 4«2~ 
6-3 /LX ; lat. spor., fi•3~8•4 /x ; long, spor., ‘21-42 /x. 

Habitat : — On a species of Aulosira growing on floating dead leaves 
in a stagnant iiond. 

The distinctive feature of this species is tliat, besides a single spherical 
basal hetcroc 3 'st, there are one or two intercalary ones also adjoining the 
sub-basal spore. Geitler (o/>. cit., 1930- 32) has recorded only seven species 
of Calothrix which produce spores, and of these only two, C. stagnalis Gomont 
and C. wembeerensis Hicron. et Schmidlc, produce intercalary heterocysts 
adjoining the spores. The present species bears a striking superficial re- 
semblance with C. Gomont in its epiphytic habit, in the trichonies 

ending in a long hair and in the presence of intercalary heterocysts adjoin- 
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ing the spores which are cylindrical or slightly conical. But it differs from 
Goniont s species in the much shorter filaments, the narrower and barrel- 
shaped cells, the presence of constrictions at the joints, the thinner spores, 
and in the basal heterocysts being never in pairs. 

A comparison may also be made with Calothrix wemhierensiis Hieron. 
et vSchmidle on account of the presence of barrel-shaped cells and the pre- 
sence of intercalary heterocysts adjoining the cylindrical spores ; but the 
Benares species differs from it in the shorter filaments, a thinner sheath and 
narrower cells, and also in the basal heterocysts being never in pairs and the 
spores being thinner and never in chains. 

(c) Scytonematace<x , 

Genus MicrocJuvte Thuret. 

1 1 . Microchcete tencni Thur. Bornet et Thuret, 'Notes /I/"., 2, PI. XXX, 
Fig. 5, 1880. 

Forma. 

I^at. 111 ., 10-12 /A"; lat. trich., 8 /ix ; lat. heterocyst., 8 /x ; long, hetero- 
cy.st., 12-20 /X. 

Habitat: — Along with o{ Sti^eocloninm and Anabcina sphcvrica 

Born, et Flab, in a stagnant pond. 

The form resembles the type except for the pale brownish-purple cell- 
contents, the occasional slight constrictions at the joints and much broader 
filaments. 

Var. tenuis, Var. Nov. (Fig. 4, A — C). 

Long. 111., up to 250 /x ; lat. fil., up to \ -2 jix ; lat. trich., 3'1- 3-0 /x ; 
lat. lieterocy.st., 3 •6 -4 -2 ft. 

Habitat : - On floating dead leaves, among other algie, in a stagnant 
I)ond. 

This alga resembles tlie type in the thin hyaline unstratified sheath, 
in the cylindrical cells which are about twice as long as broad, and in the 
spherical heterocysts ; but it differs in the narrow' filaments and trichomes, 
and in the absence of cylindrical intercalary heterocysts. This variety 
possesses the narrowest iilanieiits out of all the fre.shwater .species of the 
genus so far recorded. 

12. Microchcete ^risea Thur. Bornet et Thuret, op. cil., PI. XXX. 

Var. brevis Var. Nov. (Fig. 4, D). 

Filaments straight, at the base often curved and swollen. Sheath 
thin and hyaline. Trichomes with distinct septa. Cells discoid, 2 -3 times 
as broad as long. Ileterocysts single, basal, hemispherical. 
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FlO. 1. 

A and H — basal portions and (' — tcnninal portion of filaintMits of M'unH'hti te tenera Thiiret, 
var. tenuis Var. Nov.; \) — Microehiete arisea Thuret, var. firer'is Var. Nov, A-C X 1^70; L) X640. 

111., Up to 350 fi ; hit. fil., 6 -8 8 -3 fi ; lat. tricli., 5 -4 7 -3 /x ; lat. 
hct., 6-3 10 -5 fi. 

Habitat : — ICpipIiytic on a spcrics of Chara in a .stagnant pond. 

This form differs from the type in possessing imieh shorter filaments, 
in the a])ieal portion of the trichome being not wMened out, and in its grow- 
ing ill fresh water and not in sea. 

{(1) Nostocacecu. 

Genus Nostoc Vaucher. 

13. Nostoc carneum Ag. Geitler, op. cit., 1930 32, p. 839. 

Forma minor. Form. Nov. 

lyat. trieh., 3'1-4'2/x; lat. heterocyst., 4-2'5'7/x; long, heterocyst., 
4 *2- 6 *3 ft ; lat. .spor., 4 •2-6 -3 /x ; long, spor., 6 *3-10 *5 [i. 

Habitat : — Among other alga?, in a stagnant pond. 

The form resembles the type except for the smaller size of the hetero- 
cysts and spores. 

Genus Nodularia Mertens. 

14. Nodularia spumigena Mertens. Bornet et Thuret, op. cit., PI. 
XXIX, Figs. 10 and 11 ; Geitler, op. cit., 1930-32, Fig. 554. (Fig. 5. A-C). 
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T^at. fil., 10-12 /i; lat. cell., 8-4-9-4 fi : long, cell., 2-l-3*6/i; lat. 
lieterocyst.*, 9 '4-11 -5 /x; long, spot., 5-2-7-3)Lt. 

Habitat : — Among other alga* in a stagnant pond. 

The alga differs from the original ty])e in the occa-sional development 
of terminal heterocysts and the smaller spores. 

Genns Anabcena Dory. 

15. Anab^na o^cillarioides Dory. Geitler, op. cit., 1930-32, I'ig. 567c. 

Var. angmtits Var. Nov. (Fig. 5, 1) — V). 

Trichomes single, irregularly bent or spirally coiled ; end-cell rounded. 
Cells barrel-shaped, as long as or slightly shorter or longer than broad. 
Heterocy.sts intercalary, very rarely terminal, ellipsoidal. S])ores long 
cylindrical, single or in short or long chains, on both sides of the heterocysts, 
with smooth yellow-brown outer wall. 

T^at. cell., 4 *2 5 *2 fjL ; lat. lieterocyst.. 5 •2-6 -3 fi ; long, lieterocyst., 7 -3- 
U)^DfjL ; lat. spor., 6-5-8'1/x : long, spor., 14 *7-41 •Ofi. 

Habitat : — Among other algie in a stagnant pond. 

This variety differs from the type in the narrower lilaineuts, ellipsoidal 
hoterocy.sts and narrower spores, which may be in long chains, with smooth 
yellow-brown outer wall and surrounded by a mucilaginous sheath. 

16. Anabcena sphecrica Dorn, et Flah., Rev. Nost. hvt., Amt. Sci. Nat. 
Ser., IV. p. 228, 1888. 

Var. tennis G, vS. West, in Geitler, op. cit., 1930-32, Fig. 560/;. 

Lat. cell., 4-5/4; lat. lieterocyst., 4 • 5-6 -3 /i ; lat. spor., 1 0-13 /x ; long, 
spor., 1 I 14/4. 

Habitat :- Iii a stagnant pond. 

Var. attenuata Var. Nov. (Fig. 5, G — H.) 

Thallus lloccose, gelatinous, thin, free-lloating, pale blue-green. Tri- 
chomes blue-green, curved or straight, more or less entangled with each other, 
slightly attenuated at the ends, with rounded cnd-cells, without a mucilage- 
sheath. Cells spherical or slightly barrel-shaped. Ileterocysts intercalary, 
spherical or slightly ^iressed from both sides. Spores single, on one or both 
sides of the lieterocyst, spherical or oval, with smooth and yellow-brown outer 
wall. 

Lat. cell., 3 -2-5 *2/4; lat. lieterocyst., 5 -2-6 *2/4; lat. spor., 10 -5-12 -6/4; 
long, spor., 10 •5-14 -7/4. 

Habitat: — In a stagnant pond. 

The alga resembles the type in the spherical or barrel-shaped cells, 
spherical or oval heterocysts, and single, spherical or oval spores on one or 
both sides of the heterocysts. It comes close to var. tenuis G. S. West on 
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Fig. 5. 

A-C — Nihiularia spnmi^cna Mertcns. ; D iind E -sporogenoiis porlious and F — terminal portion 
of filaments of Anahccna osiillarioiJes H<iry, Var. ani^hsttts Var. Nov. ; G and II — Auahivna 
sphiVtica Horn, ct Flah., Var. attenuata Var. Nov. All X 1.370. 

account of the narrow trichomes, and smaller heterocysts and spores, but 
it differs from this variety and the type in the thallus being pale blue-green, 
in the trichomes being curved in various ways and more or less entangled 
with each other and being slightly attenuated at the ends, in the spores being 
never in pairs, and in the slight variations in the dimensions of all parts. 
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From the variety tennis G. vS. West it further differs on account of tlie presence 
of spherical cells and the hetcrocysts being slightly pressed from both sides. 

17. Anahcena doliolnm Sp. Nov. (h'ig. (>, A and B.) 

riant-mass mucilaginous, pale blue-green. Tricliomes single ; free 
swimming ; straight, curved or slightly coiled ; slightly tapering at the ends ; 
with conical apical cell, possessing almost pointed apex. Cells barrel-shaped 
as long as broad or a little longer or shorter than broad. Hetcrocysts ])arrel- 
sliaped. vSpores ellipsoidal with almost pointed apices in short or long chains 
adjoining the hetcrocysts but developed centrifugally, with thick, smooth, 
and hyaline or yellow-brown outer wall. 

Lat. cell, 3*6-4 *2 jm ; lat. heterocyst., 5 *2 6 *3 /x ; long, heterocyst., 6 *3- 
9'4/x ; lat. spor., 4 *2-6 *2 /x ; long, spor., 6 -3-- 1 1 -o/x. 

Habitat : — Among other alga:* in a stagnant ])ond. 

This alga is quite unicjuc and differs from all other s])ecics in the possession 
of barrel-shaped cells and heterocysts, and chains of ellipsoidal si)orcs, with 
almost ijointcd ends, adjoining hetcrocysts but developed centrifugally. 

18. Anabcena kashiensis Sp. Nov. (Fig. 6, C — G.) 

Tliallus dense, soft, mucilaginous, deep green. Trichomes bluc-grceu ; 
often irregularly curved and more or less entangled with each other, slightly 
constricted at the joints, attenuated at the ends ; the terminal cell being 
often conical with a sharp or rounded apex ; without iLUcilagc-sheath. Cells 
cylindrical, up to twice as long as broad, rarely barrel-shaped and alnio.st as 
long as broad. Hetcrocysts single, intercalary and distributed at regular 
intervals throughout the length of the trichome, cylindrical. S])ores in 
short or long chains, ellipsoidal or barrel-shaped, remote from the heterocysts ; 
with outer wall thick, smooth and colourless. 

Hat. cell., 3*1 1-2 /x; lat. hcterocyst., 4 *2-5 -2 /a ; long, heterocyst., 
8*4-12*C/x; lat. spor., 4*2-6*3ja; long. s])or., 6 -Ih-lO *5 jtA. 

Habitat : — On floating dead leaves in a stagnant j)()nd. 

Tlie alga approaches Anabrena variabiles Kiitz. in thede(*p green mucila- 
ginous th all us, the presence of slight constrictions at the joints of the trichome, 
the conical end-cells, and in the barrel-shaped spores formed in chains remote 
from the hetcrocysts. It, however, differs in the elongated cylindrical cells 
and hetcrocysts and in the smaller breadth of the trichome, hetcrocysts and 
spores. 

19. Anabana Tyengari S]). Nov. (Fig. C, ll- K.) 

Trichomes single, straight or irregularly curved ; end-cell conical with 
rounded apex. Cells barrel-shaped, as long as broad or slightly shorter or 
longer than broad. Ilcterocysts barrel-shaped, rarely spherical. Spores 
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Pro. 0. 

A ami H — Anahitna tioliolum Sp. Nov. ; C-G — Anahtetm kashicnsis Sp. Nov. ; 

11-K — Anahrna lyeti^ari All X1370. 

ellipsoidal, often in long or short chains, rarely single, on both sides of the 
hetcrocysts, with thick, smooth, yellow-brown outer wall. 
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I^at. cell, 5 *2-0 *3 /A ; lat. heterocyst., 7 *3-8 -4 /x ; long, lieterocyst., 7 *3- 
10'5/x; lat. spor., 8'4-10'5/x; long, spor., 10-5-21 -O/x. 

Habitat ; — Among other alga? in a stagnant pond. 

This alga can only be compared with Analuena sphcvrica Horn, et Idah. ; 
both have barrel-shaped cells, and the spores are dcvelo]:)cd on both sides 
of the heterocysts. The present species, however, differs in the presence of 
conical end-cells of the trichomes, the larger barrel .shaped heterocysls, and 
the larger ellipsoidal .spores formed often in long or short chains. 

A greater part of this work was done in the Hotanical Laboratory of the 
East London College (now Onecn Mary College), and the writer ex])resses 
his grateful thanks to Professor E. E. Eritsch, k.r.s., for his kind help. 
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It was shown in the previous coinniunications (Subrahmanyan and Siddappa, 
1*33:^ ; Harihara Iyer, Rajagopalan and Subrahmanyan, 1034 ; Siddap])a and 
Subrahmanyan, 1935) that small amounts of oxidising agents such as 
potassium ])ennanganate, hydrogen 2 )eroxicle, ferric oxide or mangane.se 
dioxide, when apidied to soil, can improve the growth of plants and increase 
the yield of crop, h'vidence was also adduced to show that such chemicals 
hasten the oxidation of organic matter and increase the i>roduction of carbon 
dioxide. In the case of manganese dioxide there was a momentary increase 
in the niiinbers of bacteria, actijiomyces and fungi but subsequent effect 
was not a])i)rcciable. It was not clear, however, as to how far the bcnelicial 
effects were due to tlie bases with which the different chemicals were 
associated ; as to how much was due to purely ionic effects regarding which 
there is an extensive literature (Brenchley, 1927 ; Harihara Iyer ct al., loc. 
oil.) and how much to oxidation. The mechanism of oxidation is still obscure. 
I'urther work is needed to show how far the changes are due to jnircly 
chemical action and, to what extent, they are bronglit about b}" micro- 
organisms. I'resh information is ai.so recpiired regarding th(> com])arative 
merits of the different cheniii'als used for the purjiose and their behaviour 
under diverse .soil conditions. In view of the above and the need for further 
knowledge regarding the apidication of oxidi.sing agents as fertilisers, the 
present emiuiry was undertaken. Since the i)revious study has shown that 
2 )otassiuin permanganate and manganese dioxide were highly potent in 
their act ion, the immediate re.search was confined to com230unds of manganese. 

Experimental. 

Plot experiments with ragi [Eleucine coracana ). — The trials were carried 
out on a number of small plots, each measuring 121 sq. ft. in area. The 
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following were the treatments :—(rt) Uninaiinred (eontrol) ; (h) niaimred at 
15 lbs. per plot (hongay cake) ; (c) nnniannrcrl and treated with i)()tassiiim 
permanganate (150 g. ])er plot); (^/) mannred and treated sinndlaiieoiisly 
with permanganate; and (e) same as (li) but with the permanganate a])])lied 
as top dressing in two instalments. I'onr plots were allotted for each 
treatment except (b) whidi received eight. They were distributed ac- 
cording to the random method. 

A week after the application of manure, tlu* seeds \'ariety) were 
sown (12-0 1931). Germination was (jnite satisfactory and on Oth July, the 
.seedlings were thinned out to 200 |)er plot. The fir.st in.stalmeiit of toj) dress- 
ing was given on (itli August and the second on the 13th. Owing to scarcity 
of rainfall, the plots had to be irrigated with ta]> water. The growth was, 
nevertheless, quite luxuriant, e.specially on the manured plots and the ])lants 
were ready for harvest towards the end of October. The grain and straw 
representing each treatment were dried separately and their weights deter- 
mined. 

In the previous season (1933), similar treatments had been tried on the 
same plots (Harihara Iyer, et cd., loc. cit). The only important difference 
\vas that farmyard manure was used in place of the cake and was ap])licd 
at 22 lbs. per plot (approximately 3 tons per acre), v^ince t!ie object of that 
experiment was the same as that of the present one, the two sets of results 
have been presented together in Table I. The yields have been given as 
from 484 sq. ft. (l/90th of an acre) in eacli case. 

Tabuk I. 



Viclil (tliy \vt.) hi Ky. 

Treatment 

Fy. Mamin: (1933) 

Hong.jy Cake (1934) 


drain 

Straw 

(irahi 

Straw 

Untreated (Control) 

' 1-13 

1 *55 

5 .53 

15 .(J7 

Manure alone 

2 -IS 

2-10 

14 -se 

17 .51 

Permanganate alone 

2-07 

1-79 

1 

8 -30 

15-71 

Manure + Permanganate (s imultane- 
ously) 

Manure +Pennanganate (top-dressing) 

2-87 

2 -80 i 

! 

18 -79 

52 .00 

j 2-31 

1 2-31 ' 

.l(>-27 

j 49-93 
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The meteorological observations for 1933 have been discussed in the 
previous communication. Analysis of the data* for 1934 would show that 
the season (July-October) was moderately warm, the maximum temperature 
ranging from 75-90'T‘\ The nights were comparatively mild, the minimum 
temperature rarely going below G5°F. As compared with the previous season, 
rainfall was generally meagre except during the middle of October when there 
were about 5 inches of rain in the course of one week. There were light 
showers (generally a few cents at a time) both at the beginning and at the 
end of July. The showers were more frequent during August, but vSeptember 
(except for a few days in the middle) was comparatively dry. By about the 
middle of October, the croj^s had come to harvest, so they derived no benefit 
from the heavy rains which followed. Relative humidity was generally 
lower than in the i)revi()us years and ranged between 50 and 70 per cents. 
cxcei)t for short jieriods both during and after the showers. The season 
being comparatively dry, the plots had to be regularly watered almost upto 
tlic time of harvest. 

It may be noted that, in both the seasons, the yields from the manured 
as well as unmaiiured jdots were increased as the result of application of 
permanganate. Of the two methods of apjilication, simultaneous a])])li- 
cation with the manure yielded better results than top-dressing in in.stal- 
ments. 

Although the cake was richer in fertilising ingredients (N, i -5 per cent.) 
than farmyard manure (N, 0'8 per cent.), it may yet be observed that the 
coniiiaralively heavy yield of 1931 was not entirely due to manurial treat- 
ment. Kven the uiimaniired (control) plots yielded alxnit four times as 
much grain and ten times as much straw in 1931 as in 1933. The ratio of 
grain to straw was approximately as I : I in 1933 and about I : 3 in 1934. 
The latter observation applies to the yields from all the treatments in each 
season. It would thus be seen that while the mode of action remains the 
same, I he extent of benefit derived h oin application of the oxidiser may be 
greatly modified by the season. 

Distribitlion of maui]anese in the experimental plots — ^oxwq preliminary 
observations made shortly after the different treatments showed that there 
was no free permanganate in any of the experimental plots. This observation 
suggested that the permanganate was ra]ndly reduced by the organic matter 
of the soil. With a view’ to determining the mode of interaction betw^een 
permanganate and the soil, the distribution of manganese in the different 

* Obtained through tlie courtesy of Mr. C. Seshachar, Meteorologist to the Government 
of My.sorc, to whom the authors’ thanks are due. 
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experimental plots was studied. Representative s])eeimeiis (Id r.) of air- 
dried soil were first extracted with water and the quantities of manganese 
present in the extracts determined. The residual soil was then extracted 
with 4 N sulphuric acid and the manganese in the extract estimated as before. 
Fresh specimens (10 g.) of soil were then treated with sodiniu snlidiite (a g.) 
and sulphuric acid (4 N, 100 c.c.) and the total manganese brought into solu- 
tion on boiling the mixture was estimated. The last i)ro('e(lure was found 
to be the most suitable for the extraction of total manganese including resis- 
tant forms such as manganese dioxide. N nnmber of ])reliniinary trials 
showed that the extraction was rapid and c|uantitative. Only small (juanti- 
ties of ferrous iron and other interfering substances were ])resent in solution. 
Boiling removed the excess of sul])hur dioxide. 

The estimations of manganese in solution were carried out according 
to the bisnuithate method. Some difliculty was exi)ericnce(l on account 
of the presence of chlorides in the soil, as also in certain commercial 
l)reparations of sodium bismnthate. This was overcome, however, by adding 
small quantities of mercuric oxide or .suli>hate (2-;> g.) to the ln>t soil- 
bisinuthate susi)ension, just i)rior to filtration, for estimation. There was 
not even a trace of chloride in the filtrate. Silver salts were not n.seful for 
this ])urposo, as they formed soluble com])ounds which inteifiTcd willi the 
e.stimation. Moreover, heating with silver salts (c.g., the sul])hate) caused 
the rapid decomi)osition of the bismnthate so that there was none left to 
oxidise the manganese to the ])ermanganatv* condition. Attention may also 
be drawn to the small correction to be. ap])lied for the oxidising action of water- 
soluble matter from the bismutluite itself. A simple nietlKHl embodying 
the foregoing ininciplcs and sjiecially designed for the estiniaticm of manganese 
in soils and biological media has been develojied and will be described in a 
later comm u n ication . 

The results have been presented, in Table Tl. 

The original soil itself contained fairly large quantities of manganese 
which was present partly in the acid .soluble and partly in the insoluble 
condition. Th.e added permanganate contributed about a ninth of the 
original manganese. About half of it ])asscd into the acid soluble condition 
and the other half into insoluble forms. Since the reaction between soil and 
jrerinangaiiatc proceeded very rapidly it w’ould a])pear that, the increased 
yields were largely due to the acid soluble and insoluble ])roducts resulting 
from the treatment. 

Effect of Applying Differenl Forms of Manganese to Soil, 

Distribution of manganese . — Before conducting a systematic stmly of 
the effect of different forms of manganese on organic matter, it was considered 
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Tabi,k ir. 


Treatment to original 

Manganese in parts per miHiun 

.Koil 

1 W'ater soluble 

Acitl soluble 

I Tf>tal 

ITnmanured (Conlrol) 

Traces 

81) -5 

;)oo -8 

Manured wiMi iiongay eake 

Do. 

85 -8 

371 -8 

Ihimanureil 1 KMii()4 

Do. 

118-8 

398 -0 

Mamired-f KMii() 4 (Siinnllaneoiis) . . 

Do. 

.107 -8 

393 *9 

„ -\- „ (Instalinenls) 

Do. 

118 -8 

387 -2 


to obtain an idea of the changes that attend their aiiplication to 
the soil. A nuniber of pots were made up witli soil-sand mixture (110 lbs. ; 
proportion, .*1:1). They were then treated with finely powdered hongay 
cake (30 g.) and divided into five ])atches. One set of pots was treated 
immediately with potassium permanganate at the rate of 4-r)g. per pot. 
The otliers were rested for three days and then treated as follows: — (a) 
manganous sulphate at 1-3g. per pot; (b) manganese dioxide (7'5g.); (c) 
manganous carlionate (lOg.); and (r/) control (untreated). The quantity 
of manganous sulphate w^as equivalent to that of permanganate on the 
manganese basis and that of manganous carbonate to that of manganese 
dioxide. Cork-borer samples of soil w^re taken from the pots at stated in- 
tervals and the distribution oi manganese* determined in the manner outlined 
already. The results were as follows (Tables ITI A and III B). 

Tabim III A. 


'rre'.itment 

(Samples taken iniiTu cliaiely after treatment) 


Soil+Hoiigay Cake (Control) 
» -I- „ +KMn ()4 


Manganese in parts per million 


] 

W'atcr soluble 

.Acid .soluble ' 

Total 

Traces 

135 -5 

1 

453 -9 

Do. 

147-8 

569 -4 


It may be noted that, wdth the exception of manganous sulphate, none 
of the treatments yielded any water soluble manganese. Kven in the former 
case, more than tw^o-thirds w'as present in insoluble forms. The water 
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Manjianese 

in purls per million 


Korin of M:ingani?se 
applied 


Afler 1 hour 

After 24 hours 


Water 

soluhlti 

Add 

soluhle 

Total 

1 

Wat.r 
soil! I lie 

Adrl 

'I'otal 

MnS()4 

32 -3 

.1.70 -8 

514.8 

18 -r) 

151 .() 

537.0 

KMnOi 

Tracers 

150 -8 

51().l 

4Vai*(\s 

ll.M 

.lOS -3 

MnOa . . 

Do. 

137 •() 

849. J 

Do. 

132 .3 

8(i 1 -8 

MnCOg 

Do. 

f>35 -0 

854 .J 

Do. 

587 .9 

8 i;i -.I 

Untreated 

((’ontrol) 

Do. 

126 -2 

381 .7 

Do. 

127-7 

.380 -3 


soluble manganese tenclctl to steadily diminish and after a week, there was 
none left in any of the i)ots. Acid soluble forms which represented a useful 
proT)()rtion of the total manganese in all the cases would include the carbonate, 
the phosphate and such other compounds. The estimate should also include 
any inanganese that might be ])resent as exchangeable base or otherwise 
retained l)y the mineral coni])lcx of the soil system. The original soil itself 
contained fairly large (piantities of such forms and there were further additions 
through the different treatments — especially manganous snlj)hate and 
car])onate. In the latter case, the carbonate itself would have contributed 
to the increase in acid soluble forms. The acid insoluble forms would rei)re- 
sent the major part of the manganese in the soil. In two of the cases they 
were present mostly as manganese dioxide, whereas in the others, es])ecially 
that of treatment with manganous sulidiate, the position is still obscure. 
iMirther systematic research is needed to throw light on the mode of inter- 
action between soil and different forms of manganese and its bearing on the 
various chemical and biological transformations in the soil. 

The immediate effect of some of the soluhle forms of manganese on soil 
■bacteria, — It has already been shown (Tlarihara Iyer, et al., loc, cii.) that in 
both the manured and unmanured soil, apidication of manganese dioxide 
causes a momentary increase in the number of bacteria and actinomyces. 
h8 F 



114 


C. R. Harihara Iyer and others 


With a view to detennining the elTcct of applying the other forms of manga- 
nese the following experiment was carried out. To 10 g. lots of soil, powdered 
seed-cake (0 -2 g.) was added and the mixtures treated as follows: — [a) Manga- 
nous sulphate g.) ; (A) potassium permanganate (0-45 g.) ; and (c) control 
(untreated). They were then moistened with w^ater (I c.c.) and left at the 
laboratory temperature (:25-‘28'^C.) so as to simulate the held condition. 
vSamples were taken out at intervals and jdated on Thornton’ smedium (19:i2). 
The bacterial counts were as follows (Table IV). 

Tmu.ic IV. 


Treat inont 

liactcrial niitnbers per ftiair 

i of soil 


At the ( oiiiniencement 4th day 

10th clay 

MnSO.1 .. ..j 

92X10^ lOX.lO'^ 

50 X 10* 

KMn 04 . . 

TfiX 10=* IfixlO^ 

00x10* 

Untreated (Control) 

25XlO« 120X10‘’» 

i 

X 10* 


Unlike manganese dioxide, the tw'o soluble forms caused an immediate 
depre.ssioii in tlie number of bacteria. Thus, iji the case of samples treated 
with permanganate, the numbers at the coiiimencemeiit were less than a 
thousandth of tliose in the control. T,ater on, there was steady recovery 
and on the loth day, the numbers were ju.st ruder half of those in the 
untreated samples. Although the quantities of ])ermanganate and manganous 
sulphate added in the above experiment were rather large, it .should neverthe- 
less be admitted that those two forms act as partial sterilisers and that bacte- 
rial action would, at any rate momentarily, be retarded, h'urther work is 
needed to throw light on the signiiicance of the above in relation to field 
practice. Tn the case of permanganate it has already been observed (Hari- 
hara Iyer, et al., loc. cil.) that the maximum benefit can be obtained only 
when it is ap])lied together with the manure, a few weeks before sowdiig or 
transplanting as the case may be. Whether .similar observations would 
apply to manganous sulphate still reiiuiins to be determined. 

Decomposition of organic matter in presence of different forms of manganese, 
— It has already been shown that treatment with oxidi.ser is attended by 
fairly rapid loss of carbon (Harihara Iyer, et at,, loc. at.). With a view to 
determining whether [a) the changes follow a similar course in presence of 
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different forms of manganese and (d) the extent to wliicli purely chemical 
action accounts for tlie various transformations, the following experiments 
were carried out. The soil (red sandy loam similar to that used for the 
various pot and plot ex])erinients) was weighed out in 10 g. lots into a number 
of Petri dishes and treated with linely i)owdered liongay cake (0-2 g.). Tlie 
dishes were then divided into live different batches and treated as follows : — 
(a) manganous sulphate (O-Pig.); (/;) potassium ])ermangaiuite (0-ir>g.) ; 
(c) manganese dioxide (O'Tog.); (if) manganous carbonate (I dig.); and 
(e) untreated (control). Half the number of dishes receiving each treatment 
were left as such while the others were sterilised ])y autoclaving for I hr. 
at 20 lbs. followed by dry heating at 110'^ for I hrs. The heating was not 
carried out at a .still higher temperature because it was feared that such a 
treatment might scriomsly alter the composition of the soil. The heated 
samples were moistened with sterile water (I c.c.) and the others with distilled 
water. The dishes covered with lids were then spread out on a number of 
tables, ill positions where they received a portion of the day’s .sunlight. This 
was done with the object of simulating, as far as ])ossible, the conditions 
prevailing in the experimental pots. At stated intervals, the entire contents of 
rejiresentative specimens were washed down with mininuiin (piantity of 
water, into digestion llasks and their carbon contents estimated according to 
Subrahmanyan, Narayanayya and Hhagvat (lUIH). The results have been 
presented in Pigs. I and 2. 

'Potal carbon in 0- |.‘» [hji* cent.; in cake, a.'). ! pin* cent.; total ipiantity of 

carbon at tin? bcjiinnin.L; in tin? control and in tin* sain})lcs trcatcil witii dilTcrcnt. forms 
of irian'^a.Ti(‘Si* <*xcc|''t tin* carbonjitc, 1 in;', caidi ; in .saniidcs treat cd witli manganous 
carbon.itc, m", o;icli. 

It may be noted tliat in both the sets, the inaxiimim loss of carbon 
occurred in the case of s])eciiiien.s treated with ])otassinin ])ernianganale 
or niangaiiese dioxide. The latter was slightly more, hui the difference 
was not considerable. IManganons carbonate came next, but it is diflieiilt 
to state as to what part of the carbonate itself was deconi])osed in Hie process. 
Manganous sulphate followed later and was not very different from the 
control, which came last. 

A coiiii)arative study of the two sets of results would show that microbial 
activity would account for the major ]>art of the loss of ca/hon. There is 
nevertheless evidence of considerable aiiiouiil of deconi])o.sitioii through 
l)urely chemical action. Tlie latter effect is most pronounced in the case of 
spceimciis treated with the permanganate or manganese dioxide. This 
would show clearly that eliemical oxidisers can act independently of miero- 
orgaiiisms and bring about the decomposition of organic matter. Even the 
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)*— K (’ontr<»l A— A M11SO4 o-— o KMnOi • MnOj d — Q Aliil’Oj 

Fl(»s. 1 ami ‘ 2 . Loss of carbon consi'quont on the application of dilTtnvnt forms 

of niansaiicso. 

controls (untreated sani])les) vsliowcd some loss of carbon. This is to be 
expected when considering tliat the orij^inal soil itself contained nscfnl 
qiiaiitilies of oxidative minerals such as ferric oxide (Harihara Iyer, el al., 
loc. cH.). 

It would thus be seen that there were at least three agencies concerned 
in the decomposition of organic matter — ilie mineral matter of the soil, the 
adfled chemical and tlie micro-organisms. The lirst and tlic third would 
depend largely on the nature of the soil and the conditions ])revalent in it. 
The chemical action would be i)arlly determined by the composition of the 
soil. Tlie added chemicals would, in turn, influence the activity of micro- 
organisms. Allowing for the above, it .should still be possible to obtain esti- 
mates of the decom])osition brouglit about, directly or otherwise, through the 
agency of the added chemicals. The results thus obtained have been 
presented in Table V. 

It may be noted that there was generally greater loss of carbon from 
non-stcrile samples than from the corresponding sterile ones. The available 
evidence is not sullicient to explain this observation, but it is probable that 
the chemical oxidation was facilitated by microbial activity which resulted 
in a preliminary disintegration of organic matter. 
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Tablk V. 

Decomposition of Organic Mailer through purely Chemical Oxidation. 


<'arbi)n lost (in nvj;.) at thi; end of 


Form of Manganese 

10 (lays 

20 

(lays j 

i 

30 

■ 

(lays 

■10 (lays 


Sterile 

Non- 

sterile 

SUmIIc 

Non- 

.slviilc 

Sli'iilf 

N on 
sic lib* 

Stcrilo 

\( Hi- 
st trilo 

Maiigiiiious sul[)hato 

0-2 

0-3 



0 -3 

0 -o 

0 .3 

0-8 

Manganous carbonate 

1-4 

i 

3 .1 

2 1 

5 *5 

3 *0 

1-0 

1 •() 

8-5 

i 

Potassium pormariganato . . 

1 

2 *5 

5 -1 

1 *9 

0 

7-1 

10-( 

s-s 

i 

11 -9 

Manganese dioxide 

3 *8 

5 -S 

() 1 

10-3 

S-2 

11 *9 

n-n 

13.5 


Among the cliffcront treatments, that witli manganese dioxide was the 
most effccti\e under botli sterile and iion-stcrile conditions. IVnnanganate 
came a close second. Its action followed very nearly the same ('onrsc as 
that of mangaiie.se dioxide. This was due to the ra])id dectmiposilion of 
permanganate resulting in tlic formation of manganese dioxide. Tlure was 
fairly rapid loss of carbon from samples treated with manganous carbonate, 
but since no separate determinations of the residual carbonate were carried 
out, it is diflicult to state as to what part of the lo.ss was due to organic carbon. 
Manganous .siilpliate came last and was in fai t no ladter than tlie untreated 
control. 

Production of carbon dioxide - T\\q treatments were the same as those 
in the j^revious ex])eriment. The only diflereiice was that ten times the 
previous quantities were taken. The .samjdes were kept in h.rlenmeyer 
fla.sks (caj). 1 litre) fitted with two-holed rubber .stoppers. Carbon dioxide 
was estimated by displacement with (COo free) air followed liy alisorptiou 
in excess of alkali, a Truog trap (1918) being used for tlic jmrpose. Ihe results 
have been presented in Figs. 8 and 4. 

Production of carbon dioxide followed nearly the same course as loss 
of carbon. As in the previous series, manganese dioxide was the most active 
with permanganate following as a close second. i\langanous carbonate was 
the third, while manganous sulphate was just better than the control. As 
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CoTitrol MnSO, o oKMnO, MnO.. o— o .Mii( ()., 

Vrcjs. II anti 1. P!‘<uiu(!l i<iti of rarbcin ilioxide on tj’oaliiM.'nl with tlilToroni- forms 

of rnan*^l:all^so. 


may be iiatiinilly expected, the major ])art of tlie gas produced from llie iioii- 
sterile soil was through biological aclivity. A ;.seful j)rn])oiti()n was formed 
through purely chemical action with the original minerals of the soil. Allowing 
for these, the quantities of carbon dioxide formed through tlie ageney (direet 
or otherwise) of the added eliemic'als may be estimated as follows (Table VI). 
As in the previous series, the chemical action was more pronounced in the 
case of the iion-sterile sam])les than in those of the sterile ones, rtinee the 
I 0 .SS of carbon and pr<xluetioii of carbon dioxide are iiitcr-relatcd, it may 
be assumed that the eliaiiges indicated in an earlier section would ai)ply to 
the present series as well. 

It would he diflicult to state whether jdl the carbon dioxide was derived 
from the added manure. It may be reasonably expected, however, that the 
major ]iarl came from that source, because the manure was readily ferment- 
able and contained more of available carbon and nitrogen than the organic 
matter of the soil. 'J'hc quantities of carbon affected by the different treat- 
mciils varied considerably, but even inidcr the most favourable conditions 
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Tabijv VI. 


produced (as iii;;. of . ) .it the e nd of 


Form of Manj^anese 



20 <Iays 


Sterilr I V"" 
steiile 


30 ilays 


10 days 


Slerili.* 


Non- 


Sletile 


Non- 

sleiilc 


Manganous sulphate 


5 

n 

i 


7 

5 

7 

5 

Manganous earlionate 

to 

;i2 

50 

to 


50 


01 

Potassium permanga- 
nate 

11 

.‘10 

11 

57 

•n 

70 

47 

7S 

Manganese dioxide 

51 

59 

^ 

59 

09 

01 

79 

<i0 

SO 


(such as that provided by matigaiiese dioxide) did they exceed half the 
amount of added organic matter. 

The extents to ^vllicll the diiYerciit agencies coiitril)uled to the oxidation 
also varied with the treatment, but it may be mentioned tlial, in all the cases, 
the inicro-organisins were the most active. Thus, ( licmical treatment was 
next ill proniiiience in two of the cases (manganese dioxide and pevmanganate), 
while ill the other two, its effect was not so ])ronouiiced. Oxidation by the 
original minerals of the soil (which w’as common to all the sam])les) would 
account for about a fourth of that brought about by microbial action. Assum- 
ing that the other tw’o agencies functioned in the same manner, it would be 
seen that chemical trejitment contributed substantially to the oxidation of 
organic matter in the soil. 

The foregoing observations relate only to conditions ])rcvalenl in the 
absence of the growing plant. It is well know n that the jiresence of vegeta- 
tion hastens the oxidation of organic matter (Neller, 1922; v^iddapjia and 
Subrahnninyan, loc. cil.). The penetration of roots increases the air s]>ace 
in the soil and facilitates quicker absorption of oxygen. The produc- 
tion of carbon dioxide would also be augmented by ])lant. respiration. It 
would be of much jiractical interest to investigate the action of chemical 
oxidisers under such conditions. 

It would be rather difficult to trace a quantitative relation between the 
loss of carbon and production of carlion dioxide in the tw'o foregoing sets of 
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experiments. The containers were of difTereiit types. The procedure 
for the estimation of carbon dioxide involved increased supply of air to the 
samples used for that study. It would nevertheless be seen (Figs. 5 and 6) 
that therc^ is close i)ositive correlation between the loss of carbon on the one 
hand and production of carbon dioxide on the other. The percentages have 
been calculated on the basis of the total carbon originally present in the soil 
system. 



Fkj. 5. (ordinary) .soil. Kres. d, Storilo soil. 


X Conlrol AMnS 04 O KMnO, • MnO. Q Mid’O.., 

Kio-^. 5 and 0. Diai'rams s]|l)^vin^ tin? ooiTidalioii l>ct\v«'cn ]i>s,s of carbon ainl 
produclion <)f carijon dioxitlo in sa.iuplt;.s treated with dilT»'rL*nt forms of man|^am*sr^ 

Although the foregoing observations would i)oint to carbon dioxide as 
the chief product of chemical as well as biological action, it is nevertheless 
possible that some of the intennediate ])roducls arc also of much ])hysiological 
im])()rtance. This inference is further supported by the observation that 
the increased ])r()diicti()n of carbon dioxide consequent on the apjdicatioii 
of chemical oxidisers docs entirely account for the greatly improved yield 
observed in the case of many crops. Similar observations would also apply 
to nitrogenous compounds. Althoiigli there is no perceptible cliange in 
total nitrogen (Harihara I^’er, et at., loc. cil.) it is yet possible that .some of 
the degradation products of the proteins of the cake may be readily available 
to plant nutrition. 

Effect of application of differcnl forms of manganese on the yield of tomato . — 
111 the previous study (Harihara Iyer, et at., loc. cil.) it was observed that 
tomato responded best to application of maiigauesc dioxide. The observations 
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showed that the dioxide greatly increased the availability of organic 
manure ; but it was not clear, however, as to whether the benelicial efTcct 
was entirely due to oxidation of organic matter. It was considered ])rob- 
able that the response might change with the variety of tomato. The 
nature of the soil and particularly its reaction iniglit also inllnence the yield. 
With a view to obtaining some information regarding the above, tlie follow^- 
ing experiments w^ere carried out. Over a thousand ])ots were made up 
with soil-sand mixture (‘50 ll)s. ; i)ro])ortion, .‘5 : I) in the usual way. Half 
the number of pots were treated with burnt lime at log. cacli. After a 
week's rest, all the ])ots w'erc treated with sui)erplios]jhatc (non-acid, con- 
centrated) at each. Tliis was followed by aj)])lication of powdered 

hongay cake (N, ‘rO ])cr cent.) at ‘10 g. per pot. A week later, the seeds 
were sown, 100 i)ots being allotted for each variety. Si.\ to eight seeds were 
sown per pot, l)ut as llie seedlings came up, they were reduced to two eacli. 
A fortnight after germination, all the pots were top-dressed with ])olassiniii 
nitrate (’J-O g. eaeh) and pfdassinm sulphate (l-5g. eaeli) resj)eetively. A 
W'cek later, the pots w'ere diviiled into groiii)S of five and treated as follows : 
(rt) manganous sulphate at 1 per pot ; (/;) manganese dioxide at 7 -og. ; 
(c) manganese carbonate at lOg. ; and ((/) left niitrcated (control). Another 
set of pots (iM) for each x’ariety) w*as made up similarly, but treated with 
potassium permanganate (log. per ])ot) imniedialely after application 
of the cake. Those i)ots were sow'ii at the same time as the ])revions series 
and received similar to]) dressings of nitrate ami potash. In addition to 
the above, a further eonliol seric*s was started in which till the treat menls 
were the .same as Hiose obtained above except that the organic niamire was 
not applied. The following eight varieties were tried: (1) INniderosa ; 
(2) Ihmnie Best; (-\) ('dobe ; (I) Mavglobe ; (o) Verfection ; (n) King Hum- 
bert ; (7) Cherry Red , and (S) (loldeii Jubilee. Twelve pots t)f each variety 
were allotted for each form of nuingaiiese. Of these, six were limed while the 
otlier six were unlinied. A similar number w as allotted for nnmamired controls. 

The seeds were sowm on 131h Aiigu-st H)3-l. Germination was gene- 
rally satisfactory, but the seedlings which came up in the limed pots began 
dying rapidly, so that they had to be mostly resown. The seedlings were 
thinned out on 11th September and the top-dre.ssings applied on the 
and 14tli. Flowering began on the 18th September and fruit production 
from the 13th October. Fruiting stoi)pe(l towards the middle of January^ 
the .season being rather short, as compared with those prevailing in the 
temperate regions. 

The fruits representing the different treatments, as well as varieties, 
were collected from time to time and their fresh weights determined. The 
B9 1'' 
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yields thus obtained at each sta^e have been presented in T'igs. 7 22. The 
average f ields for each treatment have been j)i'esculed in Tables VII and VIII. 

Tahij- VII. 


Effect of different forms of maniianesc on the yield of tomato. 


Variety 

Average yichl per plant (in g.) 

on treatment with 

M nS( >4 

KM11O4 

MnO-j 

MiU’Oa 

Untreated 

(control) 

Ponderosa 

355 

418 

139 

301 

280 

Bonnhi Best 

257 

271 

2(51 

248 

217 

Oluhe . . 

288 

310 

335 

250 

258 

Margin be 

218 

274 

311 

238 

214 

Perfection 

211 

292 

315 

170 

208 

King TTumbert 

325 

450 

424 

282 

282 

Cherry Red 

217 

301 

311 

M 1 

170 

Golden .1 ubilet* 

257 

1 380 

135 

232 

220 


Tabi.iC VUI. 


Effect of lime on the response of tomato to different forms of marv^anese. 


Variety 

Average ^ifld po 

r plant (in g-) 

on treatment with 

MnSOi 

KMn()4 

MnOj 

MnCOn 

Untreated 

(control) 

Ponderosa 

202 

213 

225 

187 

125 

Bonnie Best 

192 

223 

229 

151 

141 

Globe 

122 

192 

150 

105 

87 

Marglobe 

211 

233 

224 

no 

114 

Perfection 

194 

205 

270 

158 

132 

King Humbert 

140 

248 

208 

134 

140 

Cherry Red 

250 

298 

357 

170 

223 

Golden flubiloe 

111 

104 

188 

101 

84 
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Fia. 7. Variety— I’ontlcrosa. 


4000- 




Fia. 0. Variety— Globe. Fig. 10. Variety— Mar^lobo. 

The unlimed jdants came out generally better than tlie limed ones 
and yielded more fruit. Among the different treatments, permanganate 
and manganese dioxide were the most effective. It is difficult, however, 
to decide between the two, some varieties responding better to permanga- 
nate and the others to manganese dioxide. Manganous sulphate came out 
next and was followed by manganous carbonate wliich was slightly better 
than the control. Among the different varieties, Ponderosa, King Humbert 
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Is 30 45 a0~72 


Time hi days 

Fig. 1 1 . Variety - -I’erfect ion. 



Time in days 

Fm. 12. Variety— King Ihnnbert. 



15 30 45 57 75 15 30 45 60 75 90 

Time in days Time in days 


Fio. 13. Variety — Cherry Red. Fia. 11. Variety— Golden Jubilee. 

M — 11 Control MnSO* o-o K3itri()4 MnOg EH-n MnCO» 

Figs. 7 to 14. lilffcct of different forms of manganese on the yield of tomato. 

and Golden Jubilee were the heaviest yielders and responded best to treat- 
ment with permanganate or manganese dioxide. 
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Fio. 15. Varletiy—PorKloitKsa. 



Time, in t/at/a 

Fkj. 1i 5. Variety— Boiinii* llest. 



Time in dai/s 


Kill. 17. Variety (Jlobu. 



Kill, IS, Variety— Mar^ilobfi. 


Observations on individual varieties , — 

Ponderosa . — In both the linicil and the nnliined scries, tlic plants re- 
ceiving permanganate were the first to bear fruit. They were soon over- 
taken, however, liy those receiving manganese dioxide, wJn'cJi bore verj^ 
heavily in the course of the first month. After that period there was a 
short one of rest followed by steady lloweriiig and fruiting almost upto 
the end. The resting period is noticeable in all the cases, but the elTect is 
least seen in those receiving manganese dioxide. The limed san»])les followed 
nearly the same course as the unliiiied ones, but the yields were consistently 
lower than those from the latter. 

Bonnie Best , — This variety bore fruity at a steady rate but the yield, 
when reckoned on the basis of weight, was rather low. As observed pre- 
viously, the pots treated with permanganate were the first to bear fruit. 
I^ater oVjservatioiis did not however bring out any marked difference betw^een 
the different treatments. In the unlinied series, permanganate and iiianga- 
nese dioxide were only slightly superior to the other treatments. Idniing 
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Time hi days 

Fig. 21. Variety --(’licrry He«l. 



9 19 30 37 50 63 

Time in days 

Fig. 22. Variety- tinMcn Jubilee. 


roll! rul / w-jA MuSOj 


o- -o KMnOi MnOa *>— ® MnCOj 


Flos. 1 5 to 22. F.fToct of linip on Iho response ot tomato t<» lUffereiit forms of manRancsc. 


depressed the yield and the adverse effect was most marked in the case of 
the controls (untreated) and those receiving manganons carbonate. 

Globe and Marglobe. — 'I'hese two varieties behaved more or less simi- 
larly. In the uiilimcd series, manganese dioxide evoked the best response^ 
though the increase in yield (30-50 per cent.) was not so marked as in the 
case of some other varieties. In the limed series, the yields were, as usual, 
greatly depressed. Permanganate yielded the best results and was followed 
by mangaiicsc dioxide and manganous sulphate respectively. Manganous 
carbonate was not much sui^erior to the control. 
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Perfection. — In both the limed and iinlimed scries, manganese dioxide 
produced the best results, with pernuinganate following as a close second. 
The adverse effect of lime was most seen in the case of the controls and those 
receiving manganous sulphate. 

King Humbert. — This variety is a heavy yiekler. Application of per- 
manganate iiicreavSed the yield by about 50 per cent. ^Manganese dioxide 
was somewhat less effective but it was nevertlieless very niiich superior 
to the other treatments. Liming reduced the yield by about 50 per cent., 
but even there the two oxidisers (permanganate and manganese dioxide) 
produced the best results. 

Cherry Red. — The res])on.se of this variet}" to treatment with different 
forms of manganese was similar to those of others. Manganese dioxide 
yielded the best results with permanganate as the second. The effect of 
lime was however rather unexpected. In three cases, there was distinct 
incre.ise in yield consequent on that treatment, while in the other two, it 
remained (permanganate and manganese dioxide) more or less the same. 
The signiticaiice of this observation is rather obscure Init it would be of con- 
siderable scientilie as well as ])racticai intere.st to comj)are the chemical 
coin])osition and ])hysical ])roperties of the tissue fluids of this variety with 
those of others (especially Golden Jubilee) which are achersely affected by 
lime. 

Golden Jubilee. -'I'liis variety was a good, steady yielder and showed 
practically no lag during the three months of production. It responded 
best to manganese dioxide. Perir.anganate was a fairly distant second 
while the other treatments came very much behind. TJming had the worst 
effect on this variety, the yields being reduced to le.ss tlian half by that 
treatment. 

It W(nild thus be seen that all the varieties responded very favourably 
to treatment with permanganate or manganese dioxide, the yields (as com- 
pared with the manured controls) being increased by )U)-100 j)er cent, depend- 
ing on the nature of the variety. Some varieties responded more favour- 
ably to a basal dressing of ijerniangaiiale than to a top-dressing of manga- 
nese dioxide. Since both tho.se treatments are chemically of the same order 
and yield similar products, it would api)ear to l.>c advantageous to combine 
them. The quantities to be thus a])plied, the inlluencc of season ami soil 
conditions on such treatments would require further study. h.xcej)t in the 
case of Cherry Red, liming was consistently unfavourable, but it would never- 
theless be useful to determine whether .similar observ'ations would ajqily 
to other organic manures and to different types of soils. 
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Unmcinured series, — The results of these exi)erimcnts have not been 
recorded as^tlie growths were generally poor and the yields low and unsteady. 
It was observed, however, that both in the limed and the uiilimed series, 
the plants receiving permanganate or manganese dioxide came out better and 
yielded more fruit than the others. 

Effect of treatment u'ith different forms of manganese on the quality of 
tomato. --"ThG market value of tomato depends largely on the size, shape and 
colour of the fruit. The ])Opular taste in regard to sweetness and llavour, 
as also for fleshy or juicy fruits, is highly variable, but it may be stated in 
general, that sweet and juicy fruits are more favoured than the others. The 
activity of the digestive ferments jn'csent in the fruits, as also their contents 
of Vitamins H, and C are factors determining the nutritive value of fruits. 

»Spccinien.s of fruits re])resenting different varieties ar.d ticatinents were 
coini)are(l from time to time. It was observed that shape and colour were 
essentially varietal characteristics. The size was partly dependent on the 
manuring. Thus, those receiving cake without lime were generally bigger 
than those with lime. The latter were, in turn, better than those raised in 
unmanured ])ots. No .special distinction could be noticed, however, between 
the different treatineiits of niangane.se when the variety and the manuring 
were the same. The plants ret'eiviiig permanganate or irianganese dio.xide 
bore larger number of fruits than those on other treatments, so this would 
account for the heavier yields obtained from the former. 

The taste and llavour of the fruits rcpre.senling flilTerent treatments were 
conij)ared in the following manner: -I'ruits of nearly the same size and at 
about the .same .stage of ripene.ss were collected at the same time and cut 
into slices which were kept separately. A number of volunteer tasters, “A”, 
“C”, were invited to sain])le the slices and place them in 

order of taste and flavour. The opinions thus collected were entered 
separately for each variety and then analysed for their significance. It was 
found however that the results thus obtained were rather discordant. No 
special distinction could be found between taste and flavour. The order of 
preference varied with the individual and there was no clear majority in favour 
of fruits deiived from any treatment. As an instance of the above, the order 
of taste and flavour as placed by four indcpciideiit tasters in regard to one 
variety (King Humbert) may be cited below (Table IX). 

It may be seen from the table that the variations, if any, resulting 
from the different treatments were not so marked as to call for at least a 
majority oi)inion. The subtle distinctions observed by the individual tasters 
should be traced to certain personal factors wdiicli arc obscure. It has to be 
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Table IX. 


Tasters 



Tnatnient 



Untreated 

(control) 

MnCO-i 

! Mn.S().| 

i 

j MnOj 

1 

KMn().j 

A 

2 

4 

3 

1 

5 

B 

3 

5 

4 

<> 

1 

c 

3 

4 

2 

5 

1 

n 

4 

2 

1 

3 

0 

i 


inferred therefore that the chemicals, by theniseh es, had no lu rceptible effect 
on the taste and flavour of the fruit. 

Vitawin contents, — Vitamin B, was assayed eolorinietrically, the colour 
index as defined hy Ghosh and Dutt bcin^ detennined. It was found, 

however, that the values thus obtained were variable, even parallel samples 
showing a difference of 20-:50 units. Ivven after allowing for this, some .slight 
dilTcHMice could be noticed between the controls and tlie different treatments. 
Thus, in tlie case of one variet)' (Cherry Red), the values were as follows: — 
Control (untreated), 570 ; MnCOa, 478 ; MnSfh, 50*1 ; KAln(.) 4 , ‘h')l and MnOg, 
4G.*h When different varieties receixing the same treatment (KAInO^) were 
compared, results of the following type were obtained : — King Humbert, 
210 ; Perfection, 2:50; Cherry Red, 450; Peach, 440. It may thus be seen 
that the varietal differences were much greater than those introduced by the 
treatments. 

vSimilar observations were also made in regard to X'itamin C contents 
which were titrated according to Birch, Harri.s and Ray (19.‘5:5). Ixach variety 
had its own small range within which the different values lay. Tlie values 
rejiresented as mg. of ascorbic acid per c.c. of juice were as follows:— Pon- 
derosa, 0-22-0 •23; Bonnie Be.st, 0-22- 0-25; Globe, 0 - 2 () 0-28; Marglobe, 
0 •20 -0 -2 1 ; Perfection, 0-20 0*22 ; Cherry Red, 0-25 0-29 ; King Humbert, 
O-U-0-17; and Golden Jubilee, 0 •2(5 0-28. The following were some 
typical values for individual treatments. 

Variety, Cherry Red. — Control (untreated), 0*28 ; M 11 SO 4 , 0*2G ; KiVIn 04 , 
0-25 ; MiiOa, 0-28 ; and MiiCOa, 0-29. 

Golden Jubilee.— Control, 0-27; MnSO*, 0 - 2 G; KMn 04 , 0-2G; M 11 O 2 , 
0-26; and MiiCOs, 0-28. 

Bonnie Best. — Control, 0 -23; KMn 04 , 0-22; M 11 O 2 , 0-25; &MUCO 3 . 0-22. 

Perfection. — Control, 0 * 20 ; M 11 SO 4 , 0 -22 ; MiiOg, 0 *22 ; and MnCO,, 0 •21. 
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Effect of varying dosages on the yield of French beans and tomato . — In 
the pre\ ions ex])eriinents, the different forms of manganese were compared 
on a more or less arbitrary basis. Thus, permanganate was applied at 
one-third of a ton per acre and compared with manganous sulphate applied 
on equivalent manganese basis. That this comparison is not justified is 
shown by the fact that whereas manganous sulphate continues to remain, 
at least for a short period, in water soluble form, the permanganate turns 
almost immediately into manganese dioxide. If manganese in soluble forms 
has any adverse effect on plant growth, it would naturally be more prominently 
seen in the case of manganous sulphate than in that of permanganate. It 
was considered desirable therefore to compare varying dosages of manganous 
sul])hate with another form — manganese dioxide — which was more effective 
in the i)rcvious series. Some pot-cultiire experiments were accordingly 
carried out with l‘rench beans and tomatoes w^hich had responded fa^'ourably 
ill the earlier studies. The details relating to tlie prej;aratioii of the ])ots 
were the same as in the ])revious series except that larger quantities of cake 
(15 g. per ])ot) were apiilied. After applying the usual to]>-dressiiigs, the 
])()ts with the seedlings were divided into six batches of 50 each and treated 
as follows: — {a) ^InOg 'd K- P^^t ; {h) MnO.^ at (> -0 g. per pot ; (c) MnOg 
at 7*5 g. ; [d) MnSO.! at 1 *5 g. ; {e) MikSO^ at 5’0 g. ; and if) control (un- 
treated). Ifnlf the number of ])ots were allotted to Prench beans and the 
other half to tomatoes. 

It was observed that the vegetative growth was favoured by increasing 
(luantities of manganese dioxide wdiereas the reverse was observed in the 
case of manganous sulphate. The yields were iJso corres])ondingly affected 
as may be seen from Table X. 

It may be noted that the yields obtained wdth 1 *5 g. of manganous 
sul])hate were nearly as high as those with 7 -5 g. of manganese dioxide. 

The foregoing experiments wc^c carried out during the period, J\Iay- 
Septeniber, Tliere were fairly heavy rains during June (18th-50th) 

W'hcii the tomatoes came to llower and the French beans were bearing. It 
may be ex])ected that the adverse weather conditions had a de])ressing effect 
on the yield, but it is hardly probable that it affected any single treat ment 
to a greater extent than the others. It has to be inferred therefore that 
manganous sulphate in minute (juantities may be as beneficial as manganese 
dioxide or permanganate in much heavier doses. 

The conditions relating to the ai^plication of soluble forms of 
manganese and the mechanism of their action on organic matter wdll form 
the subjects of later communications. 
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Taulk X. 





Total yiflcl in j>r.ims 




Tomato 

(var.— (luhlfri Jijl)ilL‘e) 

[ Frenrh lican.s 




(Fresh winght) 

(Hry wei-ilit) 

MnOa 

(3 g. per pot).. 

1095 

505 

11 

(fi g- » 

).. 

5708 1 

030 

11 

(7.r»g. „ 

).. 

0115 1 

i 710 

J 

Mn8()^ 

(l-''»g- 

).. 

5S5S 

I 705 

l 

1 

11 

(3.0 g. „ 


1155 

i 010 

Control (untreated) 

. . 

3008 

1 530 


Disaissioii. 


'I'lie present oiiquiry has ])roit.i;ht to li^ht a imniher of farts of scientific 
as well as practical importance. It has also indicated certain promising 
lines of future research. 

The plot experiuients with ragi have shown that while the yielil can 
be improved by application of cither permanganate or manganese dioxide, 
the extent of ])ciiclit to be derived from the lieatnient is largely determined 
by the .season. This ob.servalioii is in keeping with the otlier known facts 
in ferlih'.ser practice. It is nevcrt]jele.ss im]>ortant to delermine the ])recise 
nature of the effect of climatic conditions on the action of oxidisers in the 
.soil. The details relating to the ap])lication of the oxidisers in different 
seasons have yet to be standardised. The nature of tlie agencies determining 
the ratio of grain to straw' will liave to he .studied and tlic conditions inodi- 
lied so as to ensure the best return to the producer. 

The mode of interaction between soil and the diflcrent conijumnds of 
manganese and the subse(|nent changes in organic matter would sngge.st 
that in field j^ractice (n) the ionic effect, if any, is much less iin])orlaiit than 
the oxidising action, and (h) the resulting insoluble compounds are tirimarily 
responsible for the beneficial elTects ob.served. The mechanism of the re- 
lated chaiiges is still not clear, but some evidence has already been obtained 
to show' that mangane.se dioxide is one of the [nodnets formed in all the cases. 
Some of the manganese is also present in acid soluble form, but further work 
is needed to show whether it occurs as compounds such as carbonate and 
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]3hospliate or is otherwise associatetl with the niineral complex of the soil. 
The i)rescnt .study was carried out with only one type of soil. The observa- 
tions should l)e extended to other types, as well, before any definite conclu- 
sions can be drawn. The inlluencc of various factors such as reaction, tem- 
perature and moisture on the distribution of manganese .should be studied. 
The relation of these changes to the oxidation of organic matter should also 
be followed. 

The observations on the partial sterilising action of some of the com- 
pounds of manganese are highly suggestive. Tt is not clear as to whether 
the action is selective. The sul)scf|uent ra])id recovery in numbers and the 
increased oxidation of organic matter would shoAv that the adverse effect, 
if any, is oidy moment arv and tliat the ultimate changes arc beneficial to 
the crop. The action of these compounds is, in some respects, similar to that 
of those employed to combat soil sickness. It would be of miieli interest 
therefore to determine whether the two types of action arc identical. It 
would also be of much practical value to determine whether chemical oxida- 
tion can be utilised to combat soil sickness ajicl, belter still, to remove the 
causes which lead to it. 

The c\i)erinients with tomatoes have conclusively shown that basal 
dressings of permanganate or top-dressings of mangaiK'se dioxide lead to 
greatly increased yields. .Addition of lime has a general de])re.ssing elTect, 
bill since, even, tlKUitlu* two oxidisers have given the highest yields, it may 
be expected that their a])i)licatioii in field or glass-house ]/ractiee (as the case 
mav be) will always be attended by benelicial elTeets. The later observa- 
tions have shown that small dressings of mangaiioiis sulphate can also lead 
to increased yield.s, but further woik is needed to standardi.se the conditions 
for its application. 

Tomato is a croj) of much economic importance. The fruit is highly 
nutritions and is consumed in large. (|nantities in all parts of the world. The 
eroj) is grown in the o]jeii in Iropif'al countries, but in the colder regions it 
is largely raised under glass. The tomato requires heavy manuring and, 
at any rate in many parts of Kurope and America, is an expensive crop to 
produce. It may be naturally expected therefore that any treatuicnl which 
increases the yield by even a small margin should lead to useful returns to 
the ])rodiic.er. Treatment with oxidisers— c.spccially with minerals such 
as manganese dioxide or ferric oxide — is comparatively cheap and since the 
present observations have shown that increased yields ranging from .SO to 100 
per cent. (de])cndiiig on the nature of the varietj^) can be obtained, such 
compounds should find ready application both in the field and in glass-house 
practice. 
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The beneficial effect of added mineral oxides raises a fresli issue of nitich 
scientific as well as jiractical interest. Kvery soil contains a nsefnl (jnantity 
of ferric iron, at least a part of wliich is jncsciit as the oxide. Many soils 
are also naturally rich in manganese. These coniixaiiids are, no doubt, 
useful in bringing about a part of oxidation clianges as may be .seen from the 
results of the pre.sent study. They are not, however, so effective as their 
total ciuaiitities would suggest. They are iiuleed less useful than llie much 
smaller quantities of fresh oxides applied as 1o])-dres.sings. It would ai)i)ear, 
therefore, that long peiiods of weathering, as also association with the sili- 
cates of the soil, combined with mechanical aggregaticai, have rendend them 
comparatively inactive. This, in turn, would naturally .suggest that, if 
by some inocess, the mineral oxides of the soil can be activated, addition 
of fresh oxidisers would be largely unnecessary. .\ nnin])er of experiments 
have accordingly been started, subject ing the soil to a variety of treatments, 
some of which are similar to those adojited for effecting partial sterilisilioii. 
It is hoped that the results of tliese and other trials will form the subject of 
a later comnuiiiicatioii. 

In addition to the above, further work is needed to determine tlie parti- 
enh?r form or bnaiis in wdiich a chemical oxidiser would ])c* most effective. 
Thus, there are several forms of ferric oxide or manganese dioxide all of 
wdiicli may not lie ccpially useful. Tlie method of preparation (if profliiced 
ill a factory) and the stale of division would be important fael(jrs determining 
the enicieiicy of the oxidiser. \\ hen a cjuarried mineral is used, the assoeiated 
compounds would also ha\'e to be taken into consideration wJieii a.ssessiiig 
tlie fertilising \ alue of the oxidi.ser. 

The previous researches (bhaskaraii, Narasiinlianiurlhy, SuhraJinianyan 
and Sundara Iyengar, lt):M ; Sundara Iyengar and Subiahiiiaiiyan, llKh^') 
liavc also shown that solulde ferrous iron is steadily precij)itated in the soil 
and filially oxidised to tlie ferric condition. It may be naturally expected 
that, in such ca.ses, the preci]jilate will occur in finely divided condition. The 
resulting oxide may thus prove to be more reactive t haii any otlier form which 
may be directly applied to the soil. Some ex|)erimeiits have therefore been 
started, conqiaring the oxidative eflicieticy of dinerent forms of soluble ferrous 
as well as ferric iron with that of ])ure ferric oxide. Similar liials are also 
being conducted with different soluble iiiaiigaiicse salts com])aring them with 
manganese dioxide. 

Although there has been no significant difierence in regard to Vitamin 
Bi and C contents, it is yet probable that application of diilcrent forms of 
manganese may have produced oilier profound changes in plant metabolism 
and modified the nutritive value of the jjroducts. The effect on enzyme 
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activit}^ is still awaiting systcniaiic iiivcsligalioii. Sonic preliminary observa- 
tions suggested that there is no appreciable difference in regard to oxidase 
and peroxidase activities, but further (juaiititative work is needed before any 
definite conclusion can be reached. The distribution of niangiuiese between 
the different iiaits of the plant will also be of much value, in view of the in- 
creasing imi>ortance of manganese in animal and human nutrition. 

Summary. 

(1) Plot experiments with ragi [lilencinc coracana) showed that, on 
both manured and unmanured soil, treatment wdth small quantities of per- 
manganate led to increased yields of grain and straw. I’ermangaiiate ajqdied 
together with the organic inamirc was more effective than that apjdicd later 
as toji-drcssing. 

(•i) Permanganate apidicd to soil passes rapidly into water-insoluble 
condition. Part of the jiroduct is soluble in dilute acid, while the rest is 
insoluble in that reagent. Other compounds of manganese also behave 
in a manner similar to that of permanganate. ^langanous sul])hate is .slow 
to react, but after a few days, that too yields insoluble products. 

(:i) Application of either potassium i)ermanganate or manganous sul- 
phate causes an immediate reduction in the number of soil bacteria. After 
a few days, however, the adverse effect is removed and tlie numbers increase 
at a rapid rate. 

(i) When equivalent quantities of dilTerent forms of mangane.se were 
apjdied, the decomposition proceeded mo.st rajadly in presence of manganese 
dioxide. Permanganate came second and wa.s followed by manganous car- 
bonate and manganous sul|}l.ate res])ectively. 

(o) Production of carbon dioxide followed the same order as the de- 
composition of organic matter. There was close correlation between loss 
of carbon on the one hand aiul production of carbon dioxide on the other. 

(0) Under the conditions of 'Jie ])resent study, less than a fourth of 
the oxidation of organic matter was due to the action of the mineral consti- 
tuents of the soil. About a third was due to the oxidiser when manganese 
dioxide was ajqdied. was due to microbial action. The division 

is however only arbitrary since the various agencies are either mutually 
dependent upon or otherwise influenced by each other. 

(7) Experiments with eight varieties of tomato have convincingly 
demonstrated the adxantages of supidciiieiiting organic manures with 
chemical oxidisers. Improved yields ranging from .‘10 to 100 per cent, (depend- 
ing on the variety) were obtained. Manganese dioxide and potassium per- 
manganate yielded the best results' Manganous carbonate and manganous 
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sulphate — at any rate, in the proportions at which they were tried— were 
not much superior to the control (untreated). Ainoii.u; the different varieties, 
the best response was from Ponderosa, King llnnibeit and (loldeii Jubilee. 

(8) Liming generally de])ressed the yield of tomato. The adverse 
effect was greatly reduced by at)plication of either manganese dioxide or 
potassium ])ermanganate. The variety. Cherry Red, was, however, an 
exception as it res])onded favourably to ai)plication of lime. 

(9) Treatment with different forms of manganese does not ])roduce 
any ai)preciable dilTercnce in the quality of tomato. h‘ruits of the same 
variety possess about the same degree of flavour and taste and contain 
api)roxiniately the same amounts of X'itamins B, and C irrcsi)ccti\ c of the 
form of manganese received by tlieni. 

(10) The signilicance of the foregoing and other observations has been 
discussed. The possilnlity of applying chemical oxidisers to obtain greatly 
increased yields of crop — es])ecially of tomato- has been indicated. Certain 
useful lines of future research leading to ((f) ini])rovc*d methods of applying 
chemical oxidisers and (h) enhancement of the oxidising action of minerals 
already piesent in the soil, ha\'e been suggested. 
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RAMAN SPECTRA OF ISOPRENE, DIPENTENE 
AND OCIMENE. 


Hy P. vS. Skimvasan. 

{In am the Deparhuent of riiysics. Imfiaii Inslitute of Sriciuc, ItniKniIorc.) 

KL‘Ci’ive*(l Juiio IS. 19.^5. 

(Coinniiiiiicatctl by Sir C. W Kaiiian, Kt., i'.k.s., \.r,.) 

/. lixpcrivicnhil. 

True ])rcsciii invuslit^ation was niidcTtakc-n as part a sdiciiic for the* in\ csti- 
j^alioii of llu* iiatino and })livsi('al ])r(jj)frtios of riiId)L-r. As is well known, 
rnbher is a liij^li niolccnlar \\c‘is.dit ]jolyiner of iso])rene and as a ])reliniinary 
it was thought worthwhile to study the Kainan effect in iso]ncnc (L^IU), 
dipcntenc (C,nIIi(i) oeiincne {C,„n,r.) of which isoprenc alone has already 
been studied l.)y Dadieii and KohlransclP while the other two which are its 
isomeric ])()lyiners have been studied now* for the lirsl time. 

All the coni])onnds being licpiids, the well known method of old, 'lining 
the kaman spectrum by focussing the image of a mmeury arc into the liquid 
contained in a Wood's tube In’ means of a I'ondensiiig lens and then focussing 
the transversely scattered light on to the slit of a sj)cetrogra])h, was used. 
The Ihjuids were all distilled in vacuo a number of times to render them dust- 
free. 

A nilger Iwo-jwisni speetrogr.qdi was used in the case of isopreiie w’hile 
a slightly liiglier dispersion I'cuss sj)cct rograph was usi‘d in the case of the 
other two liquids. Throughout hyper.<i nsitive ])anchromatic plates w’ere 
employed. I'or deteniiining the wave length a com])ari.s()n iron arc was 
taken on each plate and the lines were measured b\’ interpolation. 

Of the substances employed, i.soprene was j)repared chemically pure 
by tlie author accoriling to the method described by Ihisset and Williams.’ 
Pide crei)e rubber cut into jiieces of abr)ut 1 gm. each was drop])e(l into a 
si)eeially constructed iron retort inaintaiiietl eh*ctiically at (jon C., one piece 
at a time and the products of cracking were collected in two systems of con- 
densers, one maintained at r>0"C. and the other in ice and salt. The product 
collected in the cold condensers was fractionated a number of times and the 
fraction boiling steadily at liii -oC. (hSO mm.) was collected. 

^ Dadicu and Kolilraiiscli. Her. Dent. Chem. (mCS.'S., 1930, 63 (3), l057. 

- JiiissL't and Williams, J.C.S.. 1932, p. J3J4. 
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The dipcntcne used in the cx})criincnt was a sample obtained as pure 
from 15. de Ilacii audit was further purified by two distillations under reduced 
pressure over sodium. 

The ocimene was i)repared in a very pure state and lent to the author for 
this work by Mr. B. Sanjiva Rao of the Orp;anic Chemistry Department of 
the Institute and the author wishes to take this ()p])ortuiiity of thanking Mr. 
Sanjiva Rao for his kindness. 

2. Results. 

In the following taldcs the various exciting lines of the mercury arc are 
designated by the letters of the aljdiabet ; thus a, 6, c, d, c, f, li, j, k and / 
stand respectively for -.S, l d), dj, :5984 • 1 , 10 1(5 -8, 4078 • I , r.VM) -5, 
4:517 *7, 1:158*0, 191(5 -I and 54(51. 

The numerical subscripts attached to the several letters indicate the 
relative intensities of the Raman lines excited by the corresponding mercury 
line on an arbitrary scale wherein the inteiivsity of the Rayleigh scattered 
491(5 line is taken as 10. 

Table I gives the Raman frequencies of i.soj)rene. 

Tahmc I. 

CH . --C -CH - CIU Isoprenc. 

I 

CH;, 


\o. 

Shift V 

Kx('iling liiu-s 
with iiilL-ii.Nlly 

No. 

Shift r 

Mx('iti]i ;4 lines 
witli intensity 

1 

525 • t 


S 

I3Sl> *3 

K (?) 

2 

778 


9 

1122-4 


3 

m' *8 


10 

10:10*8 

ilo 

1 

950 -S 


: 

291 1 *.3 


5 

991 *1 

''Ji 

i 

2981*2 

h 

6 

10(50 -0 


15 

;50l5-7 


7 

1292 *5 


! 11 

i 

.3092 



Table II gives a ('omparison of the fre(iiienc 3 " shifts obtained by the 
author witli those obtained by Dadieii and Kohlrausch, the figures in the 
brackets indicating the intensities of the respective Raman lines. Of the 
tv/o low frequencies 289 and 423 reported by Dadicu and Kohlrausch and 
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not appearing in the present work, the former is consitlerecl uncertain even 
by Dadicu and Kohlrausch themselves. The agreement otherwise is good. 

Tahuc II. 


Comparison Table for Isoprene. 


No. 

Author 

Dadiuii and 
Kohlrausch 

No. 

Author 

Dadicu and 
Kohlrausch 

1 

.... 

2.S9 (!)(?) 

0 

1202 -5 (5) 

1291 (.5) 

o 

— 

125 (2) 

10 

i;is2 •:{ (1) 

1580 (1) 


525. 1 (1) 

550 (1) 

11 

1122-1 (;i) 

1420 (5) 

4 

778 (2) 

770 (2) 

12 

1050*8 (10) 

1050 (10) 

5 

89!) -8 (2) 

800 (5) 

15 

201 1 *5 (5) 

2020 (2) 

(> 

9.50-8(1) 

951 (1) 

11 

2081 *2 (2) 

2083 (1) 

r 

4 

991 -1 (1) 

091 (2) 

15 

5015-7(5) 

5010 (5) 

8 

1000 -0 (1) 

1070 (\) 

10 

3002 (2) 

5085 (3) 


Table III gives the results for dipeiitene using the same notation as before. 

Tabi,k 111. 



CHj-C 

^CII— CH2^ 
'^CHo— CH/ 

>CII-C^ 

Dipentene. 

'CII;, 

No. 

Shift mil."' 

1 

Ihxdlin” lines will 
i iiileiisitics 

No. 

i 

Shift V cm. ' 

Kxcitinf; lines 
intensities 

1 

1 


0 

l.SOO -9 


2 

073 -7 


10 

1575 


3 

713 -7 

Ciirt., 

11 

1410-2 


1 

700 -1 


12 

Kilo -6 


5 

818-5 


13 

1075 (broad) 

h 

G 

870 -2 

CJ'., 

11 

2808 -5 


7 

1051 -5 (baud) 

io-.H 

15 

2022 


8 

1207 -3 

<’ii* 

10 

2971 -5 
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The various frequency shifts obtained with ocimene are given in Table IV. 


CH2, 

CH, 


Tablk IV. 

^C— Clio— CH2— CH = C— CH - Clio 

I 

Clh 


Ocimene. 


wo. 

Shift V cm. 1 

1 Kxcitiiig lines with 
intensities 

1 j 

No. j 

1 

Shift V cm. ! 

] 

Kxcitin}; lines with 

1 intensities 

1 

J.33 

Cjji 

9 

1.37G -G 


2 

752-8 


10 

1406-1 

»J2 

.3 

885 • 1 


JI 

1440 


4 

9.39 -1 

^lj2 

13 

1G31 


5 

10G9 *5 


1.3 

l.(»GG 

J:, 

G 

IU.3.3 -3 


11 

3913 

rji 

7 

1L^85 *3 (band) 

C’Ji 

1.3 

298.3 


8 j 

1.314-4 


IG 

305.3 

''ll. 


3. Discussion. 


(rt) Relation to Chemical Constitution. 

Isoprenc is represented by the fonmdaC^IIg and it lias therefore .33 degrees 
of freedom which .should all be represented in ihe Raman .«peetruni. Some 
of these might be forbidden and some others might be duplicated so that all 
the 3.3 frequencies cannot be reasonably expec ted. It is howevcT remarkable^ 
that only I t frequencies have been observed by the author while Dadieu and 
Kohlraiisch have observed only one more. 

It is well known that the frequency of oscillation of two atoms or groups 
of atoms can be calculated from a knowledge of the binding force between 
them and their masses by means of the formula 

or from the heat of dissoeiation of the respective groups from the formula 



where v represents the frequency of oscillation ; 
/ represents the binding force ; 
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fi represents the reduced mass ; 

A represents the energy of dissociation ; 
and K is a constant equal to 291 -5. 

A large number of calculations has been made for various bonds and 
groups by different authors, notably by Dadicu and Kohlrausch® and fair 
agreement with observations has been obtained. In the following table 
(Table V) arc given different linkages with their characteristic oscillations, 
both calculated bv the two formulic and observed. The groups compared 

H 

are C — II ; C --C ; C - C ; — C — (transverse) ; H — CH — CX., and the .structure 

II 

I 

>c=c-c<. 


Taui.e V. 

Frequencies and Linkages. 




C\V dediu'cd from 

Ay observed 


No. 

Typo of r.inknf'e | 

i 

lUudin^ 

Force 

Thtmuil 

I : 

1 .• i 

Oriiiip Kffecl 1 

Isoprene 

1 

Dipenienc 

Oclim lie 



ation 1 





1 

C— H (ali|)halic) 

2920 

2988 


^ 29 n 

2085 

2912 





2'J.Sl 

2922 

2983 






3015 

2971 


2 

il — jr (aromatic) 

:«)50 

;iii8 

. . 

. . 

. . 

. . 


H 







3 

— V — (transverse) 

. , 

. . 

1200-1 oOO 

1 382 

1207 

1235 


n 




1.122 

1300 

1311 







1375 

1.370 







1110 

1400 








1440 

•1 

H— CII-CX, 



3080 

.•1002 


.305.5 

5 

— (1 (aliphalie) 

890 

900 


80!* -8 

879-2 

883 -4 

6 

o 

II 

1020 

1085 


1036 

1010 

16.31 

7 

>c= 0 — €< 



700 

778 


752 


1 1 



1070 

1006 


10(i9 





12SM) 

1202 


1285 


It is evident from the above tiil'le that the three compounds examined 
give the characteristic frequencies for C — H (aliphatic), C — C (aliphatic) and 


* Kohlrausch, Der Smckal- Kaman Effect, 
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C -C unmistakably in t)ie correct regions and the transverse C- H oscillations 
have also come out in the tliree cases. The table further makes it evident 
that the sliifts .‘1092 and 2055 observed in isoprene and ocimeiie which arc too 
high for aliphatic C — H oscillations arc really due to the presence in those 
compounds of the group 11 • CII : CXg. The group of frequencies 760, 

I 

1070 and 1290 characteristic of the structure > C^-C — C< comes out in the 

1 

case of isoprene and ocimenc but not in dipentenc thus lending support to the 
chemical structure assigned to these compounds. 

It is worthy of remark that in the case of ocimeiie there arc two shifts 
in the C - C region, one having a value 1624 and the other 1666. There are 
in the ociinene molecule three double bonds of which two are conjugate as 
in isoprene w’hilc the third is simple. The conjugate double bonds give rise 
to the 1631 oscillation wliilc the other one gives an exalted frccpiciicy ])rol)ably 
due to the loading of the bond with the Clla and CTIa radicles.'* The intensity 
of the 1634 oscillation is nearly twice that of the 1666 oscillation thus lending 
further support to the consideration that the former is due to the two 
conjugated double bonds while the latter is due to the simple bond. 

It is interesting to note that dipcnteiie, a c()m])ound known to possess 
a cyclic structure docs not give the characteristic frccpieiicies given by benzene 
or toluene, bike cyclo-hexane, di])entene has nothing in common with 
benzene except that there are six carbon atoms joined u]) in a ring. It is 
also wx4l known that the properties of di])entcne well accord with those of 
aliphatic compounds. Quite probably the ring structure in di])entene unlike 
that in benzene is a puckered one similar to tl: t in cyclo-hexane with the 
carbon atoms not all in one jdane. The non-1?enzenoid character of the 
ring in dipcnteiie is independently borne out also by X-ray diffraction 
results.® 

(b) Relation to hifra-Rcd Absorption. 

It is well kiiowm that the Raman sjiectrum gives only the fundamental 
oscillations of a molecule, the harmonics and the combinations occurring very 
rarely or never at all. Such being the case, it w^ould be of interest to compare 
the Raman spectra with the infra-red absorption spectra. 

Unfortunately infra-red absorption data are not available at all for 
isoprene and ocimeiie w hile for dipentene the results of Cobleiitz* on rf-limonene 
have been taken as not far different. The chemical structure of dipcnteiie 

^ Daure, Introduction a Vcixidc de V effect Raman, p. 70. 

5 V. I. V:ii(ly<iiiathaii, Indian Journal of Physics, 1929, 3, 387. 

^ Cohlciit;:, Inrcstiuutwn.K of Infra-red Spectra, 1905, p. 92. 



Raman Spectra of Psoprene, Dipentcnc and Ocimcnc 


111 


and linioiieiie is idtuitical and further llaiitzseli’ has o1)sctvc(1 that witli 
increasing inirity the absori)tion of dipentene comes to agree with that of 
liinoneiie. Table VI contains the infra red ju^aks converted into frccpiencies 
along with the Raman lines given by di]K-ntene. Coblentz has investigated 
this compound up to l-V and hence it is inijiossible to answer satisfactorily 
for all low frecpiencies, lower than about 750 . The letters in l»rackets indicate 
the strength of the absorption maxima while the figures in brackets indicate 
the intensity of the Raman lines. 

Table VI. 


Raman Frequencies ami Infra-Red Absorption h'requencies — Dipentene, 


No. 

Infra -red 

Ahsorplion 

Raman 

Kre(|iu*ncy 

No. 

Infra-iial 

Ahsoiplion 

Raman 

Frcijnenry 


KrtMIueiiry j 





V rm. 


/i 

l‘ri;. jui m y 

V Llll. " ‘ 


V nti. " * 1 



V cm. 


1 



1 

«:}(! (0.5) j 

n 

8 -3.5 

1198 (n\) ' 

1 

1207 (3) 

2 



071 (0.5) 1 

12 

7 -0 

i;‘.l.5 (ir.) 

1307 (2) 

:i 



711 (0.5) 

13 

7*2 

1389 (///.) 

1.175 (2) 

1 

12-7 

787 (s.) 

700 (3) 

11 

0 -95 

l l.-JK («•.) 1 

LUO (2) 

5 



818 (0.5) 

15 

0 *2 

Kilo (Mi.) ; 

! 

1010 (0) 

() 

3 1 -3 

885 (v.s.) 

879 (3) 1 

10 

! 0 -05 

1052 (m.) j 

1073 (1) 

7 

10*5 

952 («’.) 


17 

5-2 

1923(i\/r.)i 


8 

9-7 

1030 (m.) 

1051 (0.5) 

18 

3-9 

2.Hi;i (ir.) \ 

1 


9 

8-9 

1123 (//;.) 


1 

19 

3 *15 

1 

(X.) i 

r2809 (2) 
2922 (2) 

10 

8-7 

11 19 (?r.) 




1 

! 

[2972 (2) 


(Letters ill llie third and seveiilli columns sii^nify the followinj^ : --.'.jr., very strong; .v., 
‘•tronjj; medium; re., weak-; very weak.) 

It is well known that tlie symmetric oscillations involving no change in 
the electric moment of the molecule come out in great strength in Raman 
spectra while they are entirely absent in the infra-red absori)tion spectra, e.^., 
992 of benzene. It is also well known that certain fieciuencies occurring in 
the infra-red but not in scattering can be explained as combinations of some 
fundamentals. 

7 Hantzsch, Bcr. Dents. Clem, 1912, 45 (1), 553. 
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Any oscillation of dipentenc, a highly unsymmetrical molecule, will 
produce large changes in the electric moment of the molecule and as sucli wc 
should expect that all the Raman frequencies will be fairly well represented 
in the infra-red absorption. The table shows good general agreement both 
in number and shifts. 

The maximum 2503 in the infra-red has no analogue in the Raman 
spectrum. This can be interpreted as a combination of 879 and 1 073 ( - 2552), 
two oscillations of the molecule, one of wdiich is the C — C. The other neigh- 
bouring infra-red maximum at 1923 can also be interpreted as a combination 
of tlieC — C oscillation 879 with a minor oscillation 1051 making tlie combina- 
tion tone e(]ual to 1930. The absence in the Raman si)ectriiin of tlie infra-red 
maxima at 1149 and 952 may be explained by the fact that they are quite 
weak in the absorption itself and might come out prol)ably after very long 
exposure in scattering. Tt is rather dillicult to understand why the infra-red 
frequency at 1123 whicli is of moderate intensity in absorption does not come 
out ill the Raman spectrum, es])ecially as no combinations with low fre- 
quencies usually occur. The Raman fre(]uency 818 does not come out in the 
infra-red probably because it is a very weak oscillation e\’en in scattering 
and perhaps a very careful investigation in this region of alisorption miglit 
show a weak maximum. Ivvidently it cannot be a symmetric oscillation, 
being very weak in scattering itself. 

The general agreement, lioivever, is (]uite satisfactory. 

The author wishes to record his grateful thanks to his professor, »^ir 
C. V. Raman, Kt., K.R.S., N.J^., for his kind guidance and interest in the 
course of the w'ork and to Mr. Parthasaralh>' for very valu.alde help in the 
discussion. 
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ANALYSIS OF THE SPECTRUM OF TREBLY IONISED 

ZINCrZn IV. 


By T. vS. SuuiiARAYA, M.Sc., A. Inst.!*., 

Central College, University of Mysore, Bangalore. 

Received June 20, 1935. 

(Communicated by Prof. H. Vnikatciadiar, m.a., r.inst.P.) 

Tine spectrum of trebly ionised Zinc should be similar to that of trebly ionised 
Mercury and Cadmitini. An analy.sis of the HglV spectrum was reported 
some time ago^ ; the present ])aper is concerned with an analysis of Zii IV. 
Cd IV has also been analysed and wall be published shortly. 

The wave-length data have been taken from R. C). Hutchinson.® These 
measuroments are not accurate and the wave-lengths differ sometimes from 
those of baporte and bang® by more than 0*5 A in the region common to the 
two. A similar error is even more serious in the case of Zn TV lines which are 
of shorter wave-length. Accordingly the common dilTerences sometimes 
vary by as much as 10 cm."^ so that mere recurring differences are not to be 
relied on for purposes of classification. A consideration of the intensity and 
completeness of the multii)lets is a surer indication of the corre('tne.ss of the 
analysis. Another criterion is furnished by the (|nestion whether almo.st 
all the lines in the appropriate region are covered by the scheme. Thus the 
extreme ultraviolet spcctrji may be divided up into consecutive regions which 
l»elong almost exclusively to one stage in a series of successive stages of ionisa- 
tion. A correct analysis embraces almost all the lines in one of these regions 
without leaving serious gaps. This is no doubt iluc to the fact that in any 
stage of ionisation only the low and middle levels arc excited so that stray 
lilies due to high levels not included in the classification and obtruding amongst 
the classified lines are (juite rare. Though some apparently correct multiplets 
may be found by chance on account of the unreliability of the constant 
dificrenecs, all the imporLant lines will not conform to the classification unless 
the intervals have been correctly chosen. Thus the region from A 1768 to 
A 1457 is almost wholly made up of Znlll lines and the correctness of the 
analysis is shown by the fact that the low and middle terms account for nearly 
all these lines. vSiniilarly the siiectrum of Hg IV was found to embrace nearly 
all the lines in the region A 1058 to A 1100 as combinations between low and 


^ Proc. hid. Acad. Sei., 1934, 1, 39. 

^ Astrophys. Jour., 1923, 58, 280. 

3 Phys. Rev., 1927, 30, 328. 
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middle terms. After ii few trials an arrangement of miiltiplets was found 
in Zn IV which had this satisfactory property of including almost all the lines 
in the region from A M 13 to A 1030. The nuiltij)lets are given in Table T. 
Some combinations are Teprescnted by blends Nvith otbers ; this is due to 
insulficient resolution as can be easily seen by the fact that four pairs of close 
lines resolved by T/Uporte and bang have been noted as single by Ilutcliinson. 
The terms deduced from these miiltiplets are given in Table JI. By extend- 

Tabi.k TI. Term Values in ZnIV. 


('onfigiiralion 

T (;rm 

1 

Value jConfiguration 

Term 

Value 

Sd^ds 


0 

! 

1 

4/;o 

1 1 / J 

79751 


*r7r. 

51)38 

i 


83291 



9230 

! 

7/2 

87299 



llur >2 


2 

90959 

3(174s2 


2539 



81713 



7500 



81757 



9915 



8657!) 



10942 



S7759 

3d"4s 

“^7(2 

11240 

3d'4p 

; 

82143 


“Fr.,2 

13840 



85898 

3d ’'4s 


12550 



87311 



IGlilO 


••I)®,, 2 

S8C03 



17630 

3d'4p 


94858 

3d-‘ ? 

-Hr. ? 

-10512 



99267 


iiig the classification to include the lines given by Bloch and Bloeh^ in the 
visible and near ultraviolet it is hoped shortly to improve the accuracy of these 
terms. vSince no Rydberg sequences have been found and so no absolute 
term values are known, there is no point in drawing a ^v/ ’ diagram. The 

-Ii; 

course of the (Ps*!'',;, — &c. Hues and the various intervals in the iso- 
electronic-sequencc Co I«, Ni II», Cn IIP and Zn IV arc, however, given in 
Tables III and IV. Table V gives all the classified lines with their a.ssignnients. 

♦ Joiir. de Physique, 1934, S, 289. 

B ('rt)U(lsmit and Bachcr, .■Uoinif liiicrtiy Slates. McOraw Hill Co. 

* B. V. Raghavwidra Rao, Zs. /. Phys., 1934, 88, 135. 
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Tabi,e Til. 


Comiuiiation 

Col 

Diff. 

Nl 11 

DitT. 

Cu 111 


Zn TV 


29350 

10804 

4G103 

18384 

■ 

04547 

17100 

81713 

dVF.j,3-d''p«G'>o.2 •• 

28982 

15089 

44971 

.• 


.. 

83201 



•• 

42228 

•• 

•• 

•• 

70505 


Tabi.k IV. 


Term ('o I Ai^ Ni 11 Ai^ (!u 111 Av 1 Zn IV Ar 


a»s ■'f.,12 

‘Fa, a 

3182-70 

4142-01 

4090-10 

5075-75 

0.59-85 

.547-40 

-385-05 

8392-9 

9.329-3 

10114-7 

10003 -U 

-0.30-4 

-785-4 

584-3 

0 

171.5 

3075 

3930 

-1745 

-1.3.30 

—855 

0 

.5038 

9230 

11902 

-59.38 

3202 

-2732 

C^S “F;,2 

7U2-39 


13549-1 

1 

7005 


11240 




— 1018-.38 


-1445-3 


— 1745 


- 2000 


8400 -77 


14904-4 


8810 


13S40 


•l^s ■*rr,rj 

13795-44 


250.34-0 


.. 


12.5.50 



1 

-240-70 






—4000 


1 1030-20 


24780-9 


, , 


10010 




302-9.5 






-1020 


11390-15 


24834-7 




I7a3() 


d-p ni",,,-. 

32430-50 


.5.3195-0 




79751 




-34-10 






SMO 


32 101 00 


.5.3.301-0 


. . 


8.3291 




-708-04 

j 




1 

-4008 

*(‘°7P 

33173-.30 


51201-5 


. . 


87299 




-501-02 






- 3000 


.33074-32 


5.5017 0 


-- 


90959 

1 

d^P ‘F"„,3 

32811-91 


.545.50-1 


04547 


81713 




-315-17 


-800-0 


-1480 


—3044 


.33400-78 


55410-7 


CG027 


84757 




-479-0.3 


-6.57-3 


-758 


-1822 

‘F<>5,3 

.3.3945-81 


50074-0 


00785 ; 


80579 




- 2.50-30 


349-4 


—402 


—1180 

‘KOais 

34190-11 


50423-4 


07247 i 


877.59 


d^p *l>°7p 

, , 


*515.50-9 


.. j 


82443 






—1180-5 




-34.55 


. . 


.527.37-4 


. . 


85808 






—895-5 




-141.3 




.5363.3-9 


, , 


87.311 






—541 -0 




-1292 

‘li-ira 

-• 


01174-9 


•• 


88603 


d’‘p-=‘F°7,3 

35450-51 


57079-1 


60342 






—879-28 


-1412-7 


—2023 




30329-79 


68401-8 


08365 


99207 

^ -4409 
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TABI.E V. 

lAsl of Classified Lines of Zn JV. 


nt. 

\V .'IV e - 1 englh 1 W av e-number 

Classiftcatit)!! 

2 

1443-0 i 

60300 

tPs i|)°, 2 

0 

H34-8 1 

G9G0G 

ll"s 

1 

1430-7 i 

60806 

'•■’s 'l*..,a-crp 

0 

1414-4 i 

70701 

'I's •'l>:,|.:-cPp M)";, » 

1 

1109-1 j 

709G7 

d'‘s -I’l^-tPp ■‘ 1)^,5 

1 

1388-8 1 

7200.5 

<l^s -1-:,,:.— .Pp 

3 

1387-8 1 

j 

72057 

(.l«s -F,, cPp -'ir., .. 1 

Id-s -Kr„-iPp 

2 

1374-8 1 

72738 

.r.s ••'K,,,- .I'p 

1 

13fifi-0 

7320G 

d\s 

1 

1302-0 ! 

73373 


2 

13(;0.2 1 

7,3510 

■ I'.s ='F;„-.Pp 

1 

1353-0 1 

73010 


1 

1340-3 

74113 

•I's-i n->,.-,pp 

1 

1340-0 

74627 

‘I’s >1'p 

0 

1327-3 

7.5341 

•Ps (Pp 

0 

1324-2 

75517 

.Ps ■‘K,,,-tPp 

2 

1322-2 

75632 

,l->- 'F, ,-,Pp 

1 

1310-G 

7.5781 

(Ps ‘K;,.->Pp 'I''’,,.- 

2 

1310-3 

75708 

<Ps >K;, .j-d'p ‘K'':,,- 

2 

1307-1 

7G505 

<P.' 'Fr,j-iPp 

1 

1304-4 

i 

761)64 

(d\-i fP|! 1 

t.l-s-i ‘K„,-.Pp 

1 

1 1301 -G 

76820 

tPs'- -Fais-cPp -K”...,, 

3 

1205-7 

77178 

<l's= ^Kr,i-iPp ‘F°r ^ 

3 

1292-8 

77352 

f.l-s 'Fr.ij-dSp 1 

Id's ■‘K..,,a-d'p IF-',.,:. )' 

1 

1284 -.5 

77851 

d^s- ^Fs^-d-p 

1 

1280-S 

78076 

( d's <Fr„ 2 -d“p 1 

lid's ‘F,.„.,-d»p 
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Tabus V (co7itd,) 


r 


Int. 

\V :ive-Iength| Wave-iiumbei 

r 

Classification 

. 

1273-4 

78.530 

(l^S 


:3 

12C8-8 

78815 

d'*s 

■‘K,,5-d«p -K°7,2 

3 

1206-1 

78083 

/ cl«s 

1 fl"s- 

-K:,,..-il'‘p ) 

"K7,2-tl’*P ■'F'V.iJ 

4 

120:3-1 

! 70170 

1 


-«I“p 

4 

12ri3-!) 

79751 

d«s 

"Fui.-d-p 

1 

I2r)()-ri 

79908 

d«s 

•'F 7 , 2 — d^p -n"';,,-. 

0 

1240-2 

j 80032 

d\s 

•‘F7,2-a’<p -F-:.,. 

0 

12.34-4 

i 81011 

d'^s 


3 

1220-0 

81307 

i 

( 1 ^S 

*F7,2 d^p nr-,.. 

4 

122:3-7 

81710 

(d^s 

1 d^s 

■»K,„,-d‘^p 1 , 

d«p “(r,,-, ) 

1 

1210-2 

82223 

d"s- 

^K,,,-d‘*p 

1 

1212-0 

82447 

d’^s 

-tPp 

2 

1200-7 

8328.5 

d"s 

^K...;-.-d"p ^^:"W 2 

2 

1100-8 

83020 

d'^s 

-Kt, d^'p =K" 7 /o 

1 

1170-8 

84700 

d"s 

n',,..,-d’^p »k-v ,2 

3 

1170-0 

S.5(»34 

dS 

IK 7 ._.~d"p n; 

1 

1170-0 

8.5420 

dS 

-,rp -n/. 

2 

1145-5 

87208 

<l‘^s 

d''p .J 

1 

1130-0 

8S(}28 

d^s 

”K 7 /-J~d'‘p 

3 

1040-8 

95250 

cP' 

= *F'7 2 

2 

1037-4 

9n305 

d-' 

*1);, ^2“”*l-p 2 

2 

1020-0 

97097 

dO 

“IJ;,,— ll^P -F°f, 2 
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/. Inlrodnclion. 

The study of proj^ressive dissociation of electrolytes in solution ])y the 
method of light-scattering was for the first time made use of by I. R. Kao* •* 
in his investigations on Raman spectra in different concentrations of nitric 
acid. He has shown that the lines arising from the nitrate ion in solution, 
first increase in intensity as the concentration is decreased u]) to a certain 
point and then become less intense and weak for greater dilutions. In higher 
concentrations of the acid there are other lines ])resent (smne of them fairly 
strong), which become weaker and weaker and llnally disappear as the dilu- 
tion is gradually increased. It has been pointed out tliat these lines arc 
to be attributed to the undissociated molecule and that as the dissociation 
progresses their intensity diminishes while the nitrate lines gain in intensity 
in a proiiortionate manner. Thus a comparative study of the Raman effect 
in different concentrations of an acid provides a beautiful jiicture of the 
progress of electrolytic di.ssociation of its molecules in solution. The method 
is particularly .suitable for concentrated solutions of .strong electrolytes for 
which no other reliable method is available. 

Of the sy.stems hitherto studied by this method, nitric acid and .sul- 
phuric acid have received the greatest attention, because of their .striking 
and fruitful results. Iodic acid is known to be a strong acid like nitric acid 
and to contain undissociated molecules even in dilute solutions.”- ■* Its Raman 
spectrum has been studied, but not in sufficient detail, and the results ob- 
tained by the previous inve.stigators^« ^ are found to be discordant 

* Raiii.'ikrii;hna Rao, I., Vroc. Roy. Soc., (A), 1930, 127, 279. 

- Krau.s and Parker, Jour. .1 liter. Soe., 1922. 44. 2429. 

•* Hurray and Hartley, Pror. Roy. Snc.. (A). 1929, 126, 84. 

Kri.slinamiirti, P., ///</. Jour. Phys.. 19.10, 5, 033. 

•* Ruinau Nayar, H., and Premanalli Sharina, Zeit. f. aiiortj. if. ulltj. Client.. 1934, 220. 169. 

Nisi, Jap. Jour. Phys., 1929, 5. 119. 

* Dickinson and Dillnii, Prnc \'at. .lead. Set., 1929, 50, 334. 

Woodward, b. A., Phys. Zrils., PHI, 32, 690. 
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and their conclusions appear to be based upon incomplete data. Compa- 
ratively little attention lias also been i^aid in the past to the study of the 
Raman effect in iodates. The ])rcscnt investigation was undertaken with a 
view to clarify the position and obtain a complete Raman spectrum of the 
acid and its salts which Avould throw' some light on their structure and 
chemical constitution . 

2. Experimental Details. 

The experimental arrangement that was made use of in the following 
investigation was tlie same as that described by the author in a previous 
communication.® In order to keep the alignment of the tube and the 
spectrograph undisturbed, the apparatus was so designed that the solution 
could be changed without altering the position of the tube. The Tuess 
glass s]K*clrogra])h used in the investigation had a dispersion of about 20 A.U. 
per millimetre in the bSotSA.U. region and gave satisfactory vSpcctra. 

The substances used were supplied by Kahlbaum and marked 
“analyticid”. They were further purified by two or tlirce cry.stalli.sations. 
lyithium iodate w'as prepared by the neutralisation of lithium hydroxide by 
iodic acid and crystallised out of the solution, rotassiiim bi-iodate was 
available only in the state of fine pow'der and it was used as such without 
further purification. In spite of the fact that the sodium and lithium iodates 
as well as the ])otassium l)i-iodatc were in a stale of fine powder, rcasonaldy 
good pictures were (Attained. The best si)ectrum, how'ever, w'as obtained 
wdth crystals of le.ss than two millimetres each way in size. I.arger crystals 
were not suitable for the r<*a.<on that the reilcction from the surfaces became 
greater and incrca.^cd tlie iiitcn.sity of the exching line, thus rendering the 
spectrum over-exposed. Tlic s])cctrograins were taken on Ilford Hyper- 
sensitive Panchromatic plate II and 1) 2500 and measured by means of a 
Hilger wavelength micrometer. The wavelengths of the modified lines 
were calculated by linear interpolation from the nearest known lines in the 
iron arc comparison .spectrum. 

3. Resulls. 

Typical photographs of tlie s])cctra obtained are reproduced in the 
accompanying Plates. The scattered spectra of iodic acid and of the iodates 
were fairly intense. The acid w'as examined both in the state of small 
crystals and in solutions of a wide range of concentrations varying from 
18 N to 0-15N. The best .solid picture w'as obtained at an exposure of about 
tw'o hours ; but plates were also taken at exposures of six and twelve hours 
in order to bring out some of the fainter lines more prominently. Sever.al 

® Venkateswaran, C. S., Proc. hid. Acad. Sci, (A), 1935, 1, 850. 
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exposures were made with the solid at different stages of crystallisation in 
order to make sure that the lines ohtained were genuine, ^fhe exposure 
time for the most concentrated solution was two hours and the exjiosures 
for the other concentrations were increased in proportion to the dilution. 
The results obtained for the cr3-stallinc solid along with the visual estimates 
of intensity are given in Table I and those for the solutions are given in 

TAin.i; I. 


loiUc acid crystal. 


Exciting line 

Ivaiuiui linos 

Intensity 

Othcra 

V 

Av 
in 0111 . 

Krlshrianiiirti^ 

Siiyiir aini 
Hliariini® 

435S-3 A.U. 

21511 

■ 

1.397 

0 



V = 22938 

2l(!89 

1219 

0 




2209() 

842 

o 




22115 

82,3 

0 




22137 

801 

0 




22156 

782 

10 

780.7 St. 

799.15 m. 


22200 

7.39 

1 




22226) 

71.3 

8 

712.6 V. St. 

757.8 St. 


22268 

670 

0 




22286 

C..52 

0 




22300 

6.3.3 

(i 

3.33 St. 

610.6 w. 


22.525 

41.3 

1 1 




22561 

.377 





22610 

,328 

6 ! 

.327 m. 

473.75 w. 


22624 

,314 

0 1 




2264.3 

295 

1 


1 


22718 

220 

1 


262.78 V. w. 


22710 

198 

0 i 

j 



22775 

16.3 

0 i 




22810 

128 

1 i 




22S‘*.3 

115 

0 1 

1 

1 



22842 

97 

0 1 




22858 

80 

1 1 




22875 

1 

' i 


1 


A dash above sonic of the frequency numbers indicates that the anti-stokes of those 
lines were also present. The letters included within the brackets a;>ainst some of the numbers 
in this table as well as in the subse«iuent ones indicate the strength of the line, st. strong, 
7’. j/.— very strong; m.-= medium strong; 7t/."weak; t'. te.— very weak ; 6/'.=broad; v. 
very broad ; rf.— diffuse ; and j/i. —sharp. 

Table II. The frequency shifts for the iodates of lithium, sodium and 
potassium are given in Table IV and those for the bi-iodate of potassium 
in Table V. The Raman lines are in general obtained by 4046, 4358, and 
A2 F 
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Tabus II. 

Iodic acid solutions [aqueous). 

Exciting line 4358-3 /I. f/. Raman frequencies in cm.'^ 


18 iV 

12 N 

6 N 

4-5 N 

3 N 

l-B N 

0-5 N 

0-16 N 

1392 w. 

1392 V. w. 

. . 

. . 


. . 


* 

1238 w. 

1238 V. w. 

•• 

.. 



.. 

.. 

823 St. 

823 si. 

823 111. 

823 ni. 

823 m. 

819 w. 

819 V. \v. 

.. 

779 v.si.; V. hr. 

783 v.si.; v.hr. 

789 v.iil.;hr. 

789 St. hn 

790 St. 

790 ni. 

800 V. \v. 


•• 

•• 

790 St. 

790 St. sh. 

798 St. sli. 

799 St. sli. 

802 iu.kIi. 

802 w. .sh. 

044 m.br. 

044 St. hr. 

044 m. hr. 

044 m. hr. 

&14 tu. 

044 w. 

044 V. \v. 

1 

4C3 111. 

403 w. 

403 V. XV. 

•• 

•• 


.. 

i ■■ 

334 si. ; V. hr. 

334 V. St.; V. hr.\ 

330 St. hr. 

330 111 . hr. 

328 w. 

1 

328 V, w. 

328 V. w. 



TA13I.E HI. 


Comparison table. Raman frequencies in cm.^^ 


Author 

18 

.Nisi" 

0.6 X 

Dickinson ivnii 
Dillon- 
2.7.N 

Woodward'* j 
ION— 0.8 N ! 

i 

1 Nayar and 

I JSharma* 

5 N 

i:m w. 

! 




1238 w. 

1 




833 si. 

i 




779 V. St.; v.br.: 

805 St. 709 m. 

800 st. 

796 V. st. 

821.68 v.st. 

1 

644 m.br. 

1 

! 


649 si. 

O.IO.Ol w. 

463 in. 

303 w. 




334 st.; V. hr. 

1 

317 w. 

329 m. 

335 m. 

358.05 w. 


5461 radiations of the mercury arc ; but only the values obtained for the 
4358 A.U. as exciting line, have been given in the tables. The shifts obtained 
with the other two lines arc used as check on the values given. 


The crystalline acid has yielded a number of lines many of which have 
not been reported previously. The frequency shifts obtained for the strong 
lines in the solid arc in good agreement with those given by Krishnamurti.* 
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Tabijc IV. Alkali lodates. 




1 Itamari lines 


OtlUTS 

Substance 

Exciting 

line 


! Aeiii 

lnt(‘iisity 

Krislina- 

Xayar & 



V 

1 cni.'^ 

1 


niurfi, 

Sliarma 





A V in eni.'^ 

Ac in cm.*' 

XTO„ 

(crystal) 

i;i5S ..‘5 
v-=22938 

22130 

808 

medium 

808 m. 

807.5 m. 



22M9 

789 

medium 

78t m. 

. . 



22185 

753 

very strong 

751.4 v.st 




22301 

737 

very strong 

733 St. 

759 st. 



22598 

34 1 

weak 





22003 

335 

weak 





22030 

308 

weak 





23800 

133 

very weak 







broad 





23077 

739 

w eak 





23091 

753 

wc?ak 





23720 

788 

vei ^ weak 





23745 


v(*ry weak 



KIO,, (soln.) 

•I.ViS.;? 

22143 

795 

.strong 



(0 -I'o A' at 
30°(i.) 

V - 229:18 

2201 0 

322 

v(*ry weak 



KIO, (Roln.) 


2213.5 

803 

.st rong 



(I'OiV at 
OO^C.) 

22005 

333 

weak 







23740 

802 

very weak 



NalOg (solid) 

J358 -3 

22129 

809 

medium 




•'=33938 

2215! 

787 

weak 





22200 

738 

strong 





22218 

720 

very weak 



NalOa (soln.) 
(0.25 Nat 


22142 

790 

strong 


796 st.’ 

30°C.) 


22014 

324 

very weak 
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Kaman linos 


Substance 

Kxciting lino 


Av in 

Intensity 



V 

em.*^ 


LilO, (solid) 

4358 •;! 

2212.'} 

813 

weak 


v-22938 

22139 

799 

strong 



22157 

781 

medium 



22173 

765 

very strong 



22330 

608 

very weak and broad 



22479 

4,")9 

weak and broad 



22606 

332 

weak 



22629 

309 

strong 



22695 

213 

medium 



22769 

169 

weak 

JdIO, fsoln.) 

>> 

22141 

791 

very strong 

3.4 N at SO^C. 


22335 

603 

very wa*ak an<l broad 



22515 

423 

very weak and broad 



22618 

320 

strong 

LilO., (soln.) 

»> 

22141 

797 

strong 

0.2.'} IS’ at 30''C. 


22618 

320 

very weak 


The plate shows the remarkable change that takes place in the spectrum as 
soon as it is dissolved in water. The sharp lines in the crystal are replaced 
in the solution by very broad bands which tend, however, to sharpen again 
as the concentration is decreased. 

Table III gives a comj^arison of the results obtained by the author with 
those given by the i^revious investigators. It can be seen that some of the 
lines in the highest concentrations as well as certain anomalies in intensity 
and position of the lines observed by the author have not been obtained by 
the earlier experimenters. This is obviously due to the fact that they have 
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TABI.K V. 




1 Raman linos 


Substance 

Exciting lino 

— 

1 

Intensity 



V 

Av in 






Pot. bi-iodato 

43S8 -3 
v= 23938 

21546 

1392 

very weak 



21695 

1243 

very weak 



22120 

818 

medium, sharp 



22165 

773 

strong, sliarp 



22199 

739* 

weak, broad 



22305 

(^33 

weak 



22621 

317 

weak 

Pot. bi-iodaie 


22141 

i 

797 j 

strong 

(solution) 





worked only with concentrations less than that at which these lines appear. 
Woodward® alone has worked with a 10 N solution in which 4G3 should have 
appeared very faintly. The single broad biiiid at about 800 has been identi- 
fied for the first time as a close doublet consisting of a broad band with the 
centre at 779 and a comparatively narrow one at 823. The author also has 
been unable to confirm the line 393 reported b^" Nisi® in his 10% solution. 
The results given by Nayar and vSharnia,® both for the crystal and for solu- 
tion, show large differences from those obtained by the author as well as by 
others and are evidently due to considerable errors in their measurements. 

4. Evidence for Electrolytic Dissociation in Iodic Acid. 

Figure 1 gives a schematic representation of the transition that takes 
place in the spectra of iodic acid when it goes from the state of solid to that 
of solutions of varying concentrations. The intensity of tlie Raman lines 
is represented approximately by the height of the dark lines. It can be 
seen from the figure that a direct correlation exists between the spectra of 
the solid and solutions. The whole series of spectra can be explained on the 

* This is the frequency shift of the centre of the band which has a width of about 60 wave 
numbers. 
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assumption that the crystalline acid consists of uii dissociated IIIO 3 molecules 
and that the dissociation which is very small in concentrated solutions goes 
on gradually increasing as the concentration diminishes. Thus the sliar]) 
and intense lines of the acid at 782, 718, 038, 877 and 328 are due to the 
vibrations of the HIO., molecule. The two lines at 782 and 7 1 8 shift slightly 
to a higher freciuciicy and broaden out, the twf) broad lines together thus 
appearing as a single broad band with the maximum at 779 and extending 
from about 730 to 815. In a similar way the lines at 877 and 828 give rise 
to the band at 884 covering both the lines. The band at (H4 arises from the 
single line at 038 and is narrower than the other two as can be expected. 
As the concentration falls off, the number of undissociated molecules decreases 
and these bands gradually lose botn in intensity and in breadth (Fig. 2 ). 
The band at 779 appears also to shift in position. The two lines at 1897 and 
1249 which are present in the solid and in the 18 N solution do not appear in 
any other concentrations. There is also a band at 463 in the 18 N solution 
which diminishes in intensity very rapidly and is practically non-existent 
at about 4 *5 N. These three lines are also to be attributed to the HTO 3 
molectile. 

At about a concentration of G N a fairly sharp line at 790 appears 
superposed on the band in that region and this goes on increasing in intensity 
relative to that of the band as the dilution increases. At about 0 *5 N this is the 
strongest line in the spectrum as can be seen from Fig. 4 and the superposed 
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band is very weak. This line ai)pears also very prominently in the solutions 
of alkali iodates and is evidently to be attributed to the I();j radical. The 
relative increase in the intensity of this line in the more dilute solutions 
indicates the progress of dissociation of tlie acid itself. The other line at 
320 observed in the iodatc solution is presumably supeiposed on the illOsband 
at 334 ; but its effect on the hand is too feeble to be observed. The fact 
that the band at about 800 persists even in .solutions of about O^ON shows 
that the dissociation is incomplete even at such high diliilions. 

5. Kvidence for the Polymerisation of the Acid. 

A large mass of chemical evidence*”*" goes to sliow that iodic acid is 
polymerised to an appreciable extent in afjueous solutions ; but the existence 
of a few contradictory chemical facts keeps it still an o])en (picstion. In 
their investigations on the Raman effect, Nayar and Sharma'* have failed to 
elicit the band at 034 and 331 in very dilute solutions (0 *2 N) and they, there- 
fore, have pointed out that these two lines are due to the polymers of the 
acid, lint in the investigations of the author these lines ap])ear, though 
only feebly, in all dilutions and hence the conclusions of the above authors 
based upon this fact are not justified. There is, however, other evidence to 
show that IfAf ions exist in aqueous solutions. As can be seen from h'ig. 
1, the line at 823 which appears very prominently as a component to the 
strong band at 779, does not exist either in the solid iodic acid or in the 
spectnim of the iodates, but is present as line of medium intensity in the 
bi-iodate of ])otassium. This line is, therefore, a jjosilive ])roof for the exist- 
ence of loOo" ions in iodic acid solutions. The intensity of this line goes on 
diminishing as the dilution increases, which shows that the ])()lymerisation 
becomes gradually less. The faint appearance of this line even at a concen- 
tration of 0-5 N indicates that UOq ions are jnesent even in dilute solutions. 

Though, generally, the Raman lines in the solutions of electrolytes are 
broader than in the solid which is attributed to the iiicrea.sed freedom of rota- 
tion of the ions in the solutions, the extraordinary Ineadth of these lines in 
the iodic acid solutions is unaccountable unless it is also attributed to the 
influence of tlic polymerised molecules themselves. This suggestion is justi- 
fied by the fact that in the similar case of water, the Raman line correspond- 
ing to the fundamental oscillation of the molecule appears as a broad band 
consisting of three components, wdiich has been shown by elaborate analysis** 
to be due to the highly polymerised state of the water molecule. 

10 Onieliii's ilividhuch dcf .Inen/dnijfr/it’ Chcuiic, 1933, 8, 419 J. 

" Raman Nayar, M., and Gairnla, T. R.. Xcit. /. anoni. ». alia. Chem., 1934, 220, Uvk 

12 Rarnakrishna Rau. 1., Proc. Roy. Soc., (A), 1934, 145 , 489. 
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In order to examine whether the spectrum of the salt of the dibasic iodic 
acid shows any similarity to that of the solid or of the concentrated solution, 
the Raman spectrum of potassiunj bi-iodate has been investigated both as 
solid and solutions and the results are given in Table V. The spectrum of the 
solid resembles, in a general way, that of the iodic acid crystal. But there is 
the ai^pcarance of a line of medium intensity at 818 which is to be attributed 
to the l20e radical. The strong line at 713 in iodic acid has .spread out into 
a band with its centre at 739 in the bi-iodate. This fact is very significant 
for two reasons. Firstly, it shows the effect of polymerisation on the line 
belonging to the HIO3 molecule and substantiates our assumption regarding 
the finite width of bands in the acid solutions. Secondly, it is interesting 
becau.se, usually crystals give only sharp lines and the appearance of this 
band in the solid is surprising. The solution of this salt (less than 0-1 N) 
has given only one line at 797 corresi^onding to the intense line of the IO3 
radical. From these we are led to conclude that while in the solid the acid 
salts of the iodic acid are complex compounds in which ions exist, in 
the aqueous solutions, the bi-iodates behave in the Raman effect, as if they 
are only mixtures of the acid and the alkali iodate.^^ 

6, Siruciure of lodates. 

The fundamental vibrations of the molecules of the AX3 type have been 
treated by Dennison*^, assuming a symmetrical ])yraniidal model. For this 
type, it has been shown that there are four normal modes of vibration, two 
of the normal vil)rations with frequencies V{ and v., being parallel to the axis 
of symmetry and the other two normal vibrations with frequencies and 1^4 
being ijerpendiciilar to the axis of symmetry (which arc doubly degenerate). 
In the Raman effect and would appear stronger than V3 and because 
the former arc optically less active than the latter and 1^1 in which the X 
atoms execute symmetrical exi)an.sions and contractions in their plane while 
the A atom keeps vibrating along the symmetry axis, would come out as the 
most intense line. Following the ideas of IliiiuF® it was later on shown 
by Dennison and Hardy^® that in the case of the i)yramidal molecule of the 
AX3 ty])e like NH3,in wdiich the A atom lies close to the plane of the X atoms 
the parallel vibrations v\ and i-j become double, the magnitude of the doublet 
separation depending generally on the height of the pyramid, and on the 
frequency. If the A atom lies in the plane of the X atojns, that is, if the 
model is coi)lanar as in the case of the CO3 or NO3 radical, the splitting of the 


Walden, P.. Zeit. Phys. Chem., 1888, 2. 64. 
Dennison, Phil. Mag., 1926, 1, 195. 

IS Hund, F., Zeit. f. Phys., 1927, 43 , 805. 
ns Dennison and Hardy, Phys. Rev., 1932 , 39 , 938 . 
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S 5 '^mnietrical oscillations do not take place and the totally symmetrical oscil- 
lation which does not involve any change in the electric moment, is optically 
inactive and appears v^ery strongly in the Raman effect, while the other 
symmetrical oscillation perpendicular to the plane docs not ap])car at all 
in the Raman effect. The splitting of the vibrational levels can also occur 
if there are accidental degeneracies among the freciuencies as in the case of 
CCI 4 , CS 2 , CO 2 , etc. 

In the Raman spectra of the iodates we have found that one of the 
parallel vibrations splits up into a quadruplet and the other into a doublet 
or triplet and their probable significance will be discussed here. 

Table IV gives the Raman frequencies ()bser\'ed for the iodates of lithium, 
sodium and potassium both in tlie slate of crystals and solutions. A concen- 
trated solution (3 -4 N) of litliiuin iodate has yielded a very strong line at 794 
and a fairly strong line at 320 and two weak lines at 423 and G03. In the 
crystals, all the three iodates give a strong groiq) of four lines in the neighbour- 
hood of 800 and another less pioininenl group at about 320. Ijthium iodate 
shows also two broad bands at 459 and 008, which probably consist of un- 
resolved components. Besides in the crystals of lithium iodate and potassium 
iodate as w’ell as in the crystals of iodic acid, there exist a number of lines of 
lower frequency and these will be treated separately in the succeeding section. 
These four lines which occur in the iodates as also in the U)dic acid evidently 
belong to the fundamental vibrations of the group. Since all the four 
frequencies aj^pear and botli the jxirallel vibrations exhibit splitting, we are 
led to conclude that the IO3 radical is ])yrainidal in structure with 
the I atom close to the plane of the O atoms. In such a case the two 
groups of lines at about 800 and 320 correspond to rj and V 2 re.spectively and 
the two faint lines at (508 and 459 correspond to and 1/4 respecti\’ely. The 
infra-red data for potassium iodate gives the absorption frequencies at 781, 
748 and 371.^'*'« 

Though the relative shifts and intensities of the compoiienls differ widely 
from one component to another, the diHerences between the first two low’er 
shifts and the last tw'o higher shifts are almost ctjual and arc of the same 
magnitude from compound to compound. These four coni])onents can be 
represented by the relation --rj ±a A-p, where I'l is the average of all com- 
ponents, p is half the difference between one and two or three and four and a 
is half the difference between one and three or tw o and four. Table VI gives 


Schaefer and Schubert. Amu tier Phys., 1921, 7, 309. 
Laski, Zeits. /. Krist., 1927, 65, 607. 
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the values of Vi, a and p and the calculated values of frequencies together 
with the observed shifts of the components. 


Table VI. 
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A tentative explanation for this interesting fact is given as follows. The 
vibrational energy levels with frequency v, is split up in the first instance, to a 
doublet ill accordance with the Hund-Dennisoii theorj'^ and is further split 
up, to form a quadruplet due to an accidental degeneracy l In 

the case of lithium iodate where four fretiuencies are oliserved, this condition 
has been satisfied. That the parallel vibration with freipiency vg also shows 
siditting in all cases lends support to our postulate regarding the ilrst split 
of vy. If the above e.xplanation is valid, the height of the j)yramid should 
be small enough to cause the splitting and the X-ray evidence^”* 2 ** seems to 
supiiort it. 

It should be remarked that the relative shifts and intensities of the 
components differ from compound to compound as illustrated in Fig. 5 
and this is to be explained as due to the inlluence of the cation on the vibra- 
tions of the radical. That the cation in the solid aggregate has a great influ- 
ence on the vibrations of this radical, is also demonstrated b}’ the fact that 
in the solutions of all the iodates wh^re the influence of the metal ion is con- 
siderably le.ss, the components vanish giving ])lace to strong lines of finite 
breadth. The vibration frequencies of lithium, sodium and potassium sliow 
also a small increase according to the increasing atomic weight. The strong 
line of lithium iodate likewise, appears to shift towards lower frequencies 
as the concentration increases. The effect of temperature on the main vibra- 
tion frccpieiicy appears to be opposite to that of concentration as can be 
seen from the values given in Table IV, for potassium iodate solution at 30®C. 


Zacliariascn, X. Krisf., 1929, 71, SOI and 517. 
Zacliariascn and flarla, /V/.v.v. Kcr., 1931, 37, 1620, 
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and 90°C. A detailed theoretical analysis of the sj)cctra of the iodates is 
deferred to a later publication. 

7. Loxv Frequency Oscillations. 

A cleat spcclruin of the crystals of iodic acid shows besides the lines 
corresponding to the molecular structure descril^ed above, a number of lines 
with a maximuin shift of about 220 (l*ig. (J) in the neighbourhood of the 
exciting line, namely, 220, 108, iO.S. 128, 1 15, 107, 80 and (il. The antislokes 
of some of these lines are also faintly visible, but. could not be measured 
because of the ])resence of the com])anions for the exciting line. Two similar 
low Irvquciicy shifts ;it 2b‘i ami lOV arc also obtained lor solid lithiuni iodatc 
(I"ig. 7) and only one at 1112 for the potassium iodate crystals. These lines 
are comijletely washed out in solutions and there is an a])]jearance of faint 
wings on either side of the exciting line. Similar low freciuency oscillaiions 
have ])een observed previously by the earlier investigators in stmie crystals 
of carbonates,^* and nitrates^* and quite recently by (Iross and Vuks'**'* in the 
crystals of dijdicnyl, benzene ami iiajdithalene and are explained as belonging 
to the lattice vibrations in the crystal. Thus, one po.ssible explanation for these 
oljserved low frequency oscillations in the iodates is that they are connected 
with the vibrations of the layers of the atoms in the crystal lattice again.st 
each other. Hut it is hard to believe that the lattice is capable of oscilla- 
tions giving rise to such a large number of lines as is the case with iodic acid. 
Another alternative explanation that may be ])ut forward is on the lines 
suggested by Bhagavantam,*^ namely, that these low frc(|iicncy oscillations 
are due to the oscillational motions or restricted rotations of the molecnles 
in the solid state. The molecules possess greater freedom for rotation in 
solution and exhibit the phenomenon of wings. The wliole theory of the 
so-called lattice vibrations is, however, in its infancy and no more can be 
said about them until a clearer picture of it is forthcoming. 

In conclusion, the author wishes to expre.ss his grateful thanks to Prof. 
vSir C. V. Raman, f.r.s., x.k., for his helpful interest in the work. The author's 
thanks are also due to Hr. V. Krishnaimuti for his keen interest in the work. 

Summary. 

The Raman spectrum of the iodic acid as a function of concentration 
and of the iodates of lithium, sodium and potassium in the state of the solid 
and solutions have been investigated. Tlie crystals of iodic acid yield Jive 

-I Hhagavantani, S., Xcit.s. jnr Kry.vt., 1931, 77. 43. 

-- Cabannes and Canals, Comht. Rend., 1931, 193, 2R9. 

23 Gross and Vtiks, Kutnre, 1935, 135, 100; iVo/iirr, 1935, 135, 431. 

lUiaRavantam, S., Ind. Jour. Rhyjt., 1933. 8, 197; sec also Pauling, b., Rhys. Rev., 
1930, 36, 430. 
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intense lines and a number of weak and sharp lines, which are replaced by 
intense and broad bands in solution. The spectrum of the solutions for a 
very wide range of concentrations varying from 18 N to 0*15 N show an 
anomalous behaviour regarding intensity and frequency shifts. This fact 
has not been observed previously because the earlier authors had not worked 
with such high concentrations. From a qualitative study of the solid and 
solutions, evidence has been obtained for the j^rogressive dissociation of the 
acid. The results show that the dissociation is incomplete even at con- 
centrations of 0 -5 N. Suggestions have also been put forward that the acid 
is pol 3 mierised in the solutions to an appreciable extent, the polymerisation 
decreasing with dilution. 

The spectra of the iodates give in general two lines which are identified 
with the two jiossible parallel oscillations of the pyramidal form of the mole- 
cules of the AXa type and in the case of lithium iodate and iodic acid two 
more lines are obtained corresponding to the two perpendicular oscillations. 
The main parallel vibrations of the radical are split up into coni])oneiits in 
all the iodates including iodic acid, the relative shifts and intensities being 
different from compound to compound, the number of components being 
four in the case of i^| and two or three in the case of vg. The splitting of the 
vibration with the fretpiency Pi has been explained as partly due to the 
positional degeneracy i^ointed out by Hund and Dennison and as partly due 
to the accidental degeneracy, The shift and the relative in- 

tensities of these components are also show^n to be influenced by the metal 
ion. The shift of the intense line in the solution depends to some extent 
on the cation, on concentration and on temperature. 

A large number of low fre(|uency oscillations has also been obtained in 
the crystals of iodic acid. Two such oscillations occur in the lithium 
iodate and only one in ijotassium iodate crystals. An explanation of these 
lines is briefly suggested. 

Potassium bi-iodate crystal has given a spectrum somewhat similar to 
that of iodic acid. The i)resence of a new line in its spectrum indicates the 
existence of I 2 O 8 " ions. The existence of a band in the S 2 >ectrnni of the solid 
is very significant. The solution of this salt behaves as if it were only a 
mixture of IIIO3 and KIO3. 
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/. Introduction. 

vSo much importance attaches to the precise measurement and inteii)reta- 
tion of the degree of depolarisation of scattered light— be it in Tyndall, 
Rayleigh or Raman scattering — that no apology is needed for a paper deal- 
ing with a somewhat difficult point arising in the technitjuc of such measure- 
ments, namely, the errors due to the lack of i>arallelism in the rays of light 
entering the medium and scattered by it. In practice it is not possible to 
realise the theoretical ideal of the illumination of the medium by a beam of 
parallel rays, and the examination of the scattered light in a direction strictly 
transverse to the latter. The comparatively feeble intensity of tlie scattered 
light usually entails the use of a source of finite dimensions and of a lens 
to concentrate the beam of light during its passage through the inediiim. 
In consequence the rays of light arc neither parallel among themselves, nor 
strictly perpendicular to the direction of observation, and errors arise which 
may assume great importance when considering relatively small depolari- 
sations. 

There has been considerable divergence of opinion regarding the magni- 
tude of the errors arising in the manner referred to above, and particularly 
in the case when an illuminating lens of large aperture is used to focus an 
image of the source of light within the medium at the point of observation. 
It is obvious that the rays starting from a given j^oint on the source and 
reaching the conjugate point in the focal plane arc optically coherent with 
each other. Dr. I. Ramakrishna Rao^ took this coherence into account 
and claimed that no correction is necessary to the observed value of the 
depolarisation on account of the finite aperture of the lens provided the 
measurements are made precisely at the focus. On the other hand Cans® 
assumed the rays meeting at the focus to be incoherent — an assumption 

1 I. R. Rao, hid, Journ, Phys., 1927, 2, 72. 

2 R. Gans, Physik, Zeits., 1927, 28, 661. 
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obviously not justifiabIe--aiKl derived the formula 

0 “ 

P Po d- •* sin® 6 — 

where* />„ depoUirisiition with ])arallel uiipolarised light 
and p observed value of the depolarisation when the incident beam 
has a semi-convergence 0. 

Cabaiines® has discussed these rival view’s in his book and attempted to 
reconcile them, but the (juestioii has remained unsettled and somewliat 
obsemre. 

2. Case of lieu hilersecli^tg Parallel Beams. 

To elucidate the points at issue it is desirable to treat at first a relatively 
simple case. 

Consider a pair of parallel, coplanar, plane polarised beams crossing each 
other at an angle 2 0. I^et the electric vector in the beams be in the ])lane 
of the paper which is sup])oscd to be the A;y-plane. The region ox er which 
the two beams are sui)erposed will be an interference field, the interference 
maxima and minima being bands parallel to the a; axis, occurring with a 

regular periodicity , } ... 

^ ' I sm 0 



At the interference maxima (represented by thick lines in the figure), the 
.r-components of the electric intensity annul each other so that the resultant 
electric vector is vertical, while the interference minima (represented by 
dotted lines in the figure) are places wdicre the resultant vibration is parallel 


^ J. Cabunnes, /,a Diffusion Moleculairc dc la Lumicrc. 
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to the axis of x. Tf the region of overlap])ing is occu]nc(l by molecules 
of a gas which scatter light in the nsnal way, and if one were to make obser- 
vations in a direction perpendicular to the plane of the pai)er, the cicpolarisa- 
lion observed along the interference maximaieill be the correct value, while at the 
interference minima, the electric vector being horizontal the depolarisation ratio 
ivill be reversed, bet it now be assumed that on ac count of some reason, such 
as for instance, the lack of monochromatisin in the interfering beams or 
the excessive closeness of the interference bands, that it is not possible 
to concentrate attention on the individual intcTferencc maxima. The 
depolarisation measured in the nsnal way in siicli circnrnstances would be 
that averaged over the whole tiidd, due regard being had to the intensity, 
and would thus differ from the correct value. 


/( t any point (x, in the interference Held where the relative retarda- 
tion l)etween the interfering beams is S 2 v sin 0, the components of the 
electric intensity are given by 

K.». 21C sin 0. sin {h y sin 0) sin /c (rl 1 y sin 0). j 

Ky — 2E cos 0. cos (/e v sin 0} cos h (v/-] y sin 0). ' . . . . ( 1 ) 

K.-O j 

where A* -- 


The time mean scpiare of tlu^ c'omponents of the electric moment induced 
in a molecule situated at x, y are given In’ the ecpiations^ 
pj - (A - B) Ey B (Ey I- E/ -I- K/) | 

yy (A -- B) IV + B (IV -1- JV •• •• (2) 

pf - (A - B) E,“ 4- B (IV + B/ I 

where A ^ Sgi^ |- Z g] g 2 

and B --- {Z gi^ - Z ", go) 


."i» .s 2 » Being the principal polarisabilities of the mcdecnie. 

The cennponents of the intensity of the scattercMl radiation polarised 
l)arallel to the x, y and z directions will be obtained by integrating (2) over 
the entire field. If we call these components Vy^, ly, B -, then the dejxdari- 
sation for observation in a direction j)erpendicular to tJiei)lane ot the ])aper 
is given by 


P ^ 


IV 

P/ 


A sin-0 H’ B cos“0 


B sin®(? + A cos-(? 
where is the depolarisation when 0 = 0. 


Po 


02 


(3) 


^ R. Cans, Loc. cit. 
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The same result follows if the two beams are considered as incoherent 
and if we adopt the procedure of Cans. 

3. Lens with Square Aperture. 

We shall next consider the case in which a lens of focal length /limited by 
a S(iuarc aperture of edge a is used to concentrate the light on the medium. 

bet the plane of the aperture be the A^jy-planc and let the direction of 
propagation be the ;r-axis. bet the incident light before its passage through 
the lens be jwlarised with the electric vector parallel to the axis of x, and 
let the vibrations be given by Jv cos kvt. 

The components of the electric intensity at any point in the focal plane 
whose co-ordinates arc $ and due to an element dx dy of the aperture whose 
co-ordinates are x, y, z arc given by^ 

R.r ^ ~ Xf f ^ ' 7 ' ^" } 

lly - 0 ( 4 ) 

Rs = “■ E sill (j). sill ft (lx dy 

where ^ is the inclination of the electric vector in the ray from the element 
with the axis of x. 

As a first ap])roxiinatioii we may put 
cos I and sin p 

The com])oiienls of the electric intensity at M due to the whole aperture 
are obtained by integrating (4) over the entire aperture. They are 
,A hi . 7 / , n ** si*^ rl 


i<V - 0 


E a’ . 
p cos k (vt 




where « 


and V ^ 


Substituting these values of H;., in ecpiations (2) of the preceding 

section, and following the same treatment we get, after putting j - 20 

+ CO 

If ® i [A + Bi02J 

— oo 

■ 1-00 __ 

ly ff (BV.J \ B %^)dtdri = 1 E-a» [B + BJ^S] (6) 


Rs .-= // (B ly + A V;J)dCd7, = i E“a2 [B + AJ0*J 


® See bord Rayleigh, Scientific Papers, Vol. HI, p. 80. 
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Lroiii these it follows tliJit the depolarisiitioii of the lij^hl scattered in the 
direction Oy is i^iveii by 


PT -- « 


4 - .\02 


p a ■ P?'0 

.f 

where p^,^ is the value of p.. for 0 0. 

If observations are made in the direction O.v, we have 

' S«’ 




Pro 


(7) 


( 8 ) 


If the incident lij3;ht is unpolarised, it is easily seen that the depolarisation 
of the transversely scattered light is given l>y 


Pn^-- Puu + 


(9) 


I^roni (7) and (9) it follows that so far as convergence error is concerned, 
no advantage is gained by using light polarised with the electric vector 
vertical in place of un|)olarised light, since/).., is nearly half of /),,„. hroin 

(8) we see that when the incident light is polarised with the electric vector 
horizontal, the effect of convergence is to make the horizontal coini)onent 
ap])ear brighter than the vertical and this effect becomes all the more striking 
when the value of the de])olarisation is very small, h'ormuhe (7), (8) and 

(9) also follow readily if the incident beam is treated as incoherent, and if 
we adopt the method of Cans. What actually takes jdace is that the finite 
width of the source such as the sun, for instance, produces a mixing up of the 
diffraction patterns due to the different ])oints of the source so that the ulti- 
mate efft'ct is the same as though the rays from any single point are incoherent. 

J. Lens with ( inular Apertiiye. 

We now go to consider tlie case of greater ])ractical intere.st and impor- 
tance, namely, the case in whicli the condensing lens is limited by a circular 
aperture of radiu.s R. 

We follow the treatment already given for the square aperture.. Putting 
^ and = q, and noting that the form of the a])erture is sym- 
metrical with re.spect to the axes of x and y, the expre.ssions for the electric 
intensity at any point in the focal plane may be written in the form 


sin k{vt-f) Jf cos px cos qy dx dy 


( 10 ) 


E, = cos k {vt - /) ~ [/ /cos px cos qy dx rfyj 

When the convergence of the incident beam is not too great, it is justi- 
fiable as a first approximation to assume that the x-compoiient of the electric 
intensity is symmetrical with respect to tlie focal point ^=-0. It is 

thus sufficient to determine E,- along the axis of p, and so the integral in (10) 
A3 
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reduces to the usual diffractiou integral in the case of the circular aperture. 
We thus obtain for the Unic mean square of E^., R,, and Ej 





f o- /2'n-hr\\ 

2 

K-’ 

d 



2XT 

dp , 

/2rrRr\ I 




V /A J ' 

i 


•• (11) 


where r is the distance of the point in the focal plane under consideration 
from the focus p -O, (/--(). 

It is readily shown that 


I w 

// IV 2 -' J,^(z) dz = nR^ 


( 12 ) 


and 


+ 00 


fj l-V didr, = ^ rrR^ f s'l [^,dz = f (13) 


where z 


2iT\lr 

.A 


and 0 


R_ 

f ' 


PrcKecdin;^ to find Vy^ and VJ, as in the ease of the square aperture 
we obtain, 

Pv =" Pro + j 

PA 1 I -- (li) 

pH = P«„ +1^® 

The last of the results (11) has been worked out by Cans using the idea 
of incoherence, while the first two which relate to the cases in which the 
incident light is plane-])()lansed can be obtained by ado])ting the same pro- 
cedure. The significance of (I I) has been already explained in section (3). 

5, Remarks on the Foregoing Results. 

The above investigation relates to tlie focal plane and assumes that the 
lens is uniformly illuminated and that every part of the aperture is equally 
effective at any given point in the focal plane where there is any appreciable 
intensity. This requires the use of a lens which is optically perfect. Whether 
it is so or not can be determined by the well-known knife-edge test. Sun- 
light reflected by a hcliostat is allowed to illumine the entire aperture of the 
lens, and the rays diverging from the focus are allowed to fall on a distant 
screen. A sharp razor-blade is slowdy made to advance through the focal 
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plane and tlic illnminatinii ()f the eircnlar patdi of light on the screen is 
watched. If the lens is optically good, the illnniinatioii of the entire area 
fades off quite regularly and nnifornily, so that by merely looking at the 
screen it is iin])ossihle to find out from which side the knife-edge is cutting 
across. Actual experiment with a high-class ])hotogvaphic lens shows that 
even for a cpiite ap])rcciable distance on either side of the focal ])lane. the 
knife-edge test gives the same result, and within this region, the theoretical 
results as regards the niagiiitiide of the c«)nv(‘rgencc correction would be 
expected to be very nearly valid. As the extent of this region is (piite com- 
parable with the (limensions of the track over whieli one concentrates in prac- 
tice in depolarisation work, the theoretical correction can be safely a]>plied to 
the observed value so long as the lens used in the experiment is o])tically good, 
and observations arc restricted to the vicinity of the focus. When we de- 
viate far too much from the focal plane, the knife-edge test reveals a decided 
asymmetry in the illumination at any ])oint, wliich is shown by the definite 
appearance of the shadow of the knife-edge marching across the illuminated 
area on the screen. Under such circumstances the validity of the theoretical 
treatment would no longer hold good, and the magnitude of the correction 
at any point will dejiend upon whether it receives illumination from the 
central or marginal portions of the lens. The actual correction will be smaller 
than the theoretical value in tlie former case, and larger in the latter, and 
the observed depolarisation of the transversely scattered light will thus vary 
from point to point within the visible track of the illuminating beam within 
the medium. 

So far the necessity for the use of an optically perfect lens has been 
stressed as a iiecessar^' consc(|ucnce of the theoretical considerations, and 
this evidently implies that it is also of the highest importance to have the 
rest of the optical parts as perfect as ])o.ssiblc. Tf sunlight is cmidoycd for 
depolarisation work, it is essential to use a good heliostat mirror to reflect 
the light into the observation chamber. To avoid distortion of the incident 
beam as it enters the vessel containing the scattering medium, it is e.ssejitial 
to use a flat window. The use of a bulb is highly unsatisfactory in lliis 
respect. It is desirable also th.at the window through which tlie scattered 
track is viewed should be free from oi)tical defects. 

6. Some Experimental Results. 

It has been already remarked that the convergence error becomes very 
important when the genuine depolarisation of the substance under investi- 
gation is very small. This at once suggests that gases and vapours of small 
depolarisation as well as liquids and liquid mixtures near the critical })oint 
are the media in which the depolarisation would be expected to be most 
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susceptible to the change in convergence of the incident beam. Prom a 
practical point of view, however, the intensity of scattering is a very im- 
portant factor in the exiK‘ri mental investigation of the question, since the 
accurate determination of the depolarisation over a wide range of convergence 
is feasible only if the intensity of scattering is relativcl}^ large. 

(rt) Gases. — Tsobutane seemed to be favourable in the case of gases, 
as its depolarisation is very small, while the scattering is at the same time 
relatively intense. The gas was taken from a cylinder supplied by tlie 
Ohio Chemical Works, and was guaranteed to be 91)% pure. The depolari- 
sation was determined independently using two different arrangements. 

(I) The gas was contained hi a jiear-shaped hull) of the type u.sed by 
Ramanathan and I. R. Kao in their iiive.stigations, but with the addition 
of a projecting tube with Hat window on the observation end. Sunlight 
reilected by a Foucault heliostat was concemtrated at the centre of the bulb 
using a high class condensing lens in combination with an adjirstable iris 
diaphragm, and the depolarisation of the transversely .scattered light was 
measured in the usual way. The angle of convergence of the incident beam 
was determined by measuring the diameter of the illuminated area on a 
screen placed at a distance of one metre from the focus. The results are 
given ill the tabic below : — 

Tahmc T. 


Convorgonce of the 
incident beam -- '20 \ 

1 

ObscMved 
value of the 

1 depolarisa- 
tion ^ 

Correction 

01 

2 1 

Corrected value of tlie 

depolarisation ”■ 

Deg. Kudiiin 




29° 18' =0-.'>20 

1-01% 

3 -.38% 

0-66% 

1(>'> 48' =0-3-16 

2-27% 

1-45% 

0-82% 

9° 51' =0-173 

1-06% 

0-37% 

0-69% 


Mean value =--- 0 ■ 72 % 


The values in the last column show that, in spite of the large value of 
the observed depolarisation when the convergence of the incident beam is 
large, the corrected value comes out to be very nearly the same as that for 
small values of convergence. 

(2) The gas was contained in a cross made of pyrex glass with fused-on 
end plates and suitable diaphragms. A Dallmcycr photographic lens of 
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focci] Iciigtli 1 foot Aiid udjustcil)lc apcritirc Wtis used for coiu'eutratiuj^ tlie 
sunlight at the centre of the cross. Tlie ojhics of llie whole arriiiigciiient 
was thus much superior to that used in the first case, 'i'lie results are re- 
corded in the table below. 

Tahijc it. 


Aperture 

Pn 

8'- 

»> 

Puo -P„- 





l<V.5-6 

o-8;5% 

0- I 

* /O 

o-j.-r;;, 

F/1.1 

0-58% 

A. 10/ 

1 L 

0.|8% 


Mi‘an val 111 * ^^0.4(1% 

The difference in the values of the de])()larisalion measured with the 
bull> and with the crexss, emphasises the necessity for the jierfection of the 
optical parts used in depolarisation wrirk. 

(b) Liquids.— k critical mixture of methyl alcohol and hexane di.stilled 
and sealed in a spherical Inilb was found to be specially suited for the study 
of the convergence correction in the case of litiuids, because of the close 
proximity of its critical temperature (‘29"' C.) to the room temperature. The 
mixture was warmed ju.st above the critic.al point of complete miscibility 
and was ].)laced in the i)ath of the incident beam in sucli a way that tlie centre 
of the bull) coincided with the focus. The use of a spherical bulb as stated 
abov^e eliminates the alteration in the convergence of the track which would 
otherwise retpiire to be considered. The ol. served and corrected values of 
the depolarisation are given below\ 


Tabuc ITT. 


20 
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pn 

0\ 

•> 

Pno --pit ■ 


Radian 




28^ 20' 

-:{)-4945 

3‘34“;. 

;5-o.-.«,. 


18*^ Jl' 

-=0-. ‘517:5 

M9';„ 


()-2.‘5<;;, 

r 35' 

=0-08 

0-14“;. 

o-os% 

0-.‘5f)®.', 


M (‘an viil - 0 ■ 2 9 % 

The observation of the Tyndall cone through a nicol in the case of 
the liquid mixture reveals certain interesting features which illustrate the 
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theoretical discussion contained in section (5). Using an incident beam of large 
convergence, when the nicol through which the transversely scattered light 
is viewed is rotated so as to transmit only the horizontal coni])onent, one 
finds a dark region in the middle of the Tyndall cone on either side of the 
focus, while the margins appear as a j)air of bright streamers (I‘'ig. 3 in the 
Plate). A slight rotation of the nicol cither way makes the luminous cone 
asymmetric, the intensity fading ofl ra])idly from one edge to the other (Figs. 
2 and 4 in the Plate). The explanation for these appearances is almost self- 
evident in view of what has been stated in section (5). I'ig. 3 in the Plate 
brings out in a jMcturesquc fashion the whole mechanisiii of the convergence 
error. The dark centre shows how the genuine dci)olarisation is exceedingly 
small, and how the greater ])art of the illumination observed at the focus is 
contributed by the marginal portions of the lens. 

In conclusion, it is my greate.st pleasure to record my respectful thanks 
to Professor Sir C. V. Raman, for suggesting the present investigation, and 
for much valuable guidance and criticism in the course of the work. 

7. Summary. 

The scattering of light in an interference field is discussed, and it is 
shown that for the simple case of two parallel plane-polarised intersccling 
beams, the (lei)olarisation at the interference maxima gives the correct value, 
while at the interference minima the depolarisation ratio is reversed. The 
average of the dejiolarisation taken over the whole field is higher than the 
correct value. The treatment is extended to the cases in which a lens covered 
with a square aperture, and with a circular ai)erture, respectively, is used 
to concentrate the light on the scattering medium. It is shown that the 
observed values of the depolarisation would deviate from the genuine values 
by a correction factor which involves the squar<. of the angle of convergence. 
The observed depolarisation p is given by 

P7' ^ Pro + 

Da = 1 -| aO^ 

h'o 

Pu = puo + 

where a has the value J for a square aperture, and { for a circular one. The 
subscripts v, //, u refer to the cases in which the incident light has its electric 
vector vertical, horizontal and is unpolariscd respectively. It is pointed 
out that the same results follow by treating the incident beam as a bundle 
of incoherent rays. Some consequences of the theoretical results are dis- 
cussed and the necessity for the perfection of the optical parts used in de- 
polarisation work is emphasised. Experimental results are given which 
illustrate the points discussed in the paper. 
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/. Introduction. 

It is common knowledge that diamond is spontaneously transformed to 
graphite or black carbon at high temperatures. There Lave been many 
investigations to find out whether the transformed substaiu e is really graphite 
or contains any other modification of carbon and to determine the exact 
tein])erature of transformation of diamond. That the transformed substance 
consists of minute crystals of graphite has been established by two Ihmgarian 
inve-stigators Ivinerich vSzarvasy and Hcda labiyi.’ They found that the 
transformation was rapid at 17f>(l°C. but unchanged diamond was still pre- 
sent. On Rcmtgeii examination, tliey found that the relative intensities 
of the stronger graphite lines arc the same in natural or artificial Achc.soii 
graphite and in graphite formed from diamond by gra]diitization. The 
size of the sub-microscopic crystals of graphite formed from diamond at 
2000” C. was about the siime as those of graphite i)rodnced from methane. 
O. I'ricdcl and O. Riband- who have studied the weak birefringence in 
diamond have also studied the transformation of diamond to graphite and 
they find the temperature of transformation to be ISSO'^C. P. Jdbeaii and 
M. Picoir** have also studied the transformation with their techniciue of 
high temperature heating and they place the temperature of the rapid trans- 
formation at about 2000” C. At lower temperatures they find that the 
transformed substance consists not only of graphite but also of black diamond 
which gives the same X-ray pattenP as diamond itself. M. de Kay '1 hompson 
and P. K. I'rolich" have also studied the conversion ol diamond to graphite 

1 Kmcrich Szarva.sy and Hela Uiiyi, Math. Nalnrio. Anz. Uiumr. Akad.Wiss., 1931. 
48, 137. 

“ G Fricdcl and G. Ril)aud, Compfes Pendiis, 1924, 178, 1126. 

•* P. T^ibeaii and M. Picon, Com pies Rend us, 1924, 179, 1059. 

* W. Gcrlach, Zcil. /. Amny. nnd Ahj. Chemie, 1924, 137, 331. 

M. de Kay Thompson and Per K. FroHch, Trans. Amer. Glecfro-chem. Soc. , 1J23, 

43, 161. 
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at various tcmj^eratnrcs for various times of heating conlirming that the 
transformed substance is graphite by Ilrodie’s Test. They place the temper- 
ature of slow transformation at C. and rapid transformation at 1750*^ C. 
and remark that diamonds turn black at 1200'' C. due to the numerous 
cracks causing the absorption of light by total rellection. If this explanation 
is genuine, it seems to offer also an ex])lanation for the blackening noticed 
by P. bibeau and M. Picon at such teini^eratures. The conclusion of X'ogel 
and Tammaii® who have studied the conversirm of diamond, that diamond 
starts converting to gra])hite at lOOtr^C. a]^pcars to require modilicatioii 
in the light of the remark of M. de Kay Thompson and P. K. Prdlich. There 
are many others who have studied the transformation from the time of 
Francis I who burnt a i)ortion of diamond at the focus of a large concave 
mirror. Among them are Jacquelain,’ v. Sclirdttcr,” Afoisson," Pose’® and 
Hon. C. A. Parsons and A. A. C. Swinton.’^ 

The ]mrpose of this pai)er is to ex])lain as to how the graidiite structure 
can be derived from that of diamond by a simple transformation and also 
to calculate the temperature at which diamond transforms to gratdiite. The 
calculated temperature is in satisfactory agreement with the experimental 
determinations. 'I'lie ideas ffdlowed up here seem to be not \'ery s])ecial 
to the diamond-graphite transformation itself but can have extensions for 
similar types of traiisformalion of other substances. 

2. The DiamomTCraphile Trcmsfonnaliou. 

It has been sliowm l:»y X-ray analysis that the diamond structure^-' is 
made uj) of tw'o cubic face-centred lattice's interpenetrating one another in 
a manner such that an atom of one lattice is ecpially nearest to four atoms 
of the other lattice, the C-C distance being 1 -hi a and the edge of the unit 
cubic cell being 3 -50 A. Penial,'* TIassel and Murk^"' and others have shown 
that the graphite structure is made up of series of parallel ])lane ecpiidistaiit 
layers of carbon atoms and that each la\'er is a hexagonal net of atoms such 
that half the atoms in a layer lie directly along the lines parallel to the c-axis 
through half the atoms of both the cdjaceiit layers and the other half lie along 

“ K. Vogel and G. Tamman, Zeif. f. Phy. Chemic, 1910, 69, 598. 

^ Jacqiielain, /tun. d. Cliim. cl l*hy., 1847, 20, 468. 

® A. R. V. Schroltcr, Sit::n}ifjshcr. Akad. Il’iss. (IPicu), 1871, 63, 465. 

® H. Moisson, T/tc iS/ccIric Purnacc; Coiupfcs Pcudiis, 1893, 117, 423. 

G. Rose, Monat.d}cr. Berliner Akad., 1872, p. 685. 

TTon. C. A. Parsons and A. A. C. Swinton, Pmc. Boy. Soc. (/f), 1907, 80, 184. 

W. H. Hragg and W. b. Hragg, Proc. Roy. Soc. (A), 1913, 89, 27. 

‘3 W. Ehrcnherg, Zeit. f. Kristall., 1926, 63, 320. 

J. D. Bernal, Proc. Roy. Soc. (A), 1924, 106, 749. 

15 O. Hassel and H. Mark, Zeit. f. Phy., 1924, 25, 317. 
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the lilies parallel to the c-axis tliroiii^h the centres of the hexagons of the 
adjacent layers, the C-C distance being 1 - Iri a and Die distance between 
the layers being li-ll A. Knowing the above strnctnres of diamond and 
graphite, one can now raise a very natural and iiniiortaiit question as to how 
we can derive the graphite structure from the diamond structure. In the 
following we have ])roposed a solution for the above question and have 
calculated the temperature at which diamond converts to graphite, which 
agrees well with the exjjerimental determinations of the said tem])eratn-re. 

In Part T,^® it has been pointed out by the author that the vi])ration 
of the two cubic face-centred lattices of diamond is Raman-active but infra- 
red inactive and that it has the frequency J.‘l‘V.^cin. * We now seek the 
origin for the conv'crsion of diamond to gra]diite in the above vibration 
which is triply degenerate. Wlien the temperature of the crystal is raised 
or when its internal energy is increased, the amplitude of the vil nation in- 
creases. At a deHnite increase of the amjditiide, we will show in the follnv- 
ing that the instability of diamond sets in. We will first give the purely 
geometrical aspect of the ])roblem and then jirescmt its physical as])ect in 
which we have followed a method for calculating the temperature at which 
the lattice vibration is of sullicient amplitude to favour the diam()iul-gra])hite 
transformation. 

J. riie Geometrical of the Transformaliim. 

In the following we will show that the diamond stnietnre can be Irans- 
formed to a graidiite-like structure by the following elementary operations:-- 
A definite displacement of the two cubic face-ceiitrcd lattices of 
(liaiiiond relative to one anotlier along a jiarticnlar direction 
(Figs. 1 and 2). 

(ft) A definite bomogeiieoiis dilatation of tlic whole crystal along 
the same direction (Fig. ?>). 

(c) A definite homogeneous gliding of tlie i)Ianes obtained by Die 
above two transformations perpendicular to Die same direction 
(iMg. i.) 

(a) If we displace the two cubic facc-centrcd lattices of diamond relative 
to one another along a diagonal of the unit cubic cell by 1/12 the length of 
the diagonal or increase the lengtli of the C-C bonds parallel to the diagonal 
by a third of it, we get a structure whicli resembles a])pareiitly the grajdiile 
structure and which we call it as the a-i3scuclo-grajdiitc structure. The 
following are its properties:- — 

N. S. Nagcndra Nath, Proc. hid. Akad. Set. (./), 1934, 1, 333. 
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Tia. 1 — I )la!iic>n(I strurtiire— > a-pseiido-j^riiplnti^ sinictiiro. 
Ki(j. 2— a-ps‘Hi«In-j'ra]>liil e sli-iicluro. 

Fuj. 3 --/i-ps(;u(l()-p[rapliitc; sli uciiiro. 



j3-pse\itln-.i»rnphito structure. Graphite structure. 

Fio. 4. 


(1) The a-pscuclo-graphite structure is similar to the graphite structure 
in that it is made up of c(iuidistaiit parallel plane layers of carbon atoms, 
each layer being a hexagonal net. But half the atoms in a layer A are 
directly along the normals to the planes through half the atoms of only one 
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of the adjacent layers B and the same set of half the atoms in A arc directly 
along the normals to the planes throivgh the centres of the liexagons of the 
remaining adjacent layer C ; the remaining set of half the atoms in the layer 
A will be directly along the normals to the iplanes through half the atoms 
in the layer C and the same atoms in A will he directly along the normals 
through the centres of the hexagons in B. 

(2) Assuming the C-C distance in diamond to be I -51 a, we can easily 
calculate the C C distance in a plane of the a-j)seiuh>grapliite structure. 
It is 1 •51 sin [cos“^ ( ■ J) ] A --I *51 x2 \ 5 a - 1 -15 a. This agrees jnetty 
closely with 1*42 .V in graphite determined by X-ray analysis. 

(3) The distance between the plane layers in the fi-psendo-gra])liite 
structure is ( I -r)'! -j- 1 •01/:l) A or 2*05 .'\ while it is :> • 1 1 a in graphite. 

(6) This transformation is only a siiii])le hoinogeiieous dilatation of 
the a-])seudo-graphite structure along a normal to its |)lanes by the ratio 
3 *11/2 -05 or 1 •()(). We will call the transformed structure after the above 
operation as the 8-pseudo-graphito structure which is i)ractically idc-nlical 
with the grapliite structure in the C-C distance, tlie distance between the 
layers and the structure of atoms in each layer except the symmetry of the 
planes taken as a whole. I'or example, every plane is a i)lane of rellectir)n 
in the case of the graphite structure while it is not so in the case of the a- or 
8-pseudo-graphite structures. The next jjrocess to be described consists 
in transforming the pseudo-graphite structure iido the gva])hi1e structure. 

(c) The successive ])lane layers in the ^-grajduLe structure may be 
symbolically represented by 

...AH C A B C . . . 

and those in gra])hite may be represented by 

A B A B A B . 

where all the atoms in any of the planes .1, B, C cannot be superposed on 
the atoms of any one of the remaining by the motion of the plane along a 
normal to the parallel planes. This is obvious in virtue of the ])ro])erty 
(1) in (a). 

The reciuircd transformation of the ^-graphite structure to the graphite 
structure is accomplished by considering a particular kind of gliding motion 
of the planes of the jS-grapdiitc structure. It consists in moving all the planes 
along a C C direction lying in the planes with two adjacent planes as a rigid 
unit such that an unit suffers relative disidaceiiients with its adjacent units, 
which are equal in magnitude to the C-C distance but are o])posite in sign. 
A clear pictorial representation of the transformation is given in the preced- 
ing figures. 
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4. The Physical Aspect of the Transformation. 

It is clear from the above that there exists a simple continuous process 
by whicli we can derive the gra])hite vStructure from that of diamond. We 
shall now discuss its bearing on the physical aspect of the transformation. 

We know that botli diamond and graphite are lun'inally stable substances. 
The stability of a crystal implies that the energ}^ of the normal contiguration 
is a minimuni for all inrinitesimal displacements of the lattice. With this 
idea in view, let us now discuss the course of the energy curve during the 
diamond-gra))hite transformation. While discussing it, we ij^^nore the forces 
between the layers in s^raphiie as they are, we hope, exceedingly feeble compared 
to the valence forces in the planes. As the process starts from diamond, the 
energy of the lattice incren.scs in accordance with the fact that the energy 
of normal diamond is minimum for all inllnite.simal dis]>lacements of the 
lattice. Similnrly, starling from graphite to diamond the energy of the 
lattice als(.) increases. As the process under consideration is a continuous 
one, tlie above means the existence of at least one stage at wliich the energy 
of the lattice is maximum, i.c., a stage at which the energy of the lattice no 
longer increases either from tJie diamond side or the gra]>hite side. Ihit 
there cannot be more than one such stage or else it would imply the existence 
of minima of energy or of stable conligurations in between the maxima 
distinct from those of diamond or gra])hite which seems to be highly ])hysi- 
cally improbable. In otlier words, the above considerations mean that there 
exists a single linite ])oteiitial barrier between the diamond and the graphite 
states. We will call the stage of the lattice having the energy of the peak 
of the barrier as the a-stage. 

If we now increase tlie thermal energy of diamond whicli is exhilnted 
as the vil)rational energy of its atoms, to such ai. extent that it will have the 
energy of tlie a-stage, the immediate instal)ility of diamond will set in. 
Since diamond recjuires a delinite temj)urature to possess a dellnite heat 
content from the thermal ijoiiit of view, we can calculate the temjKTaturc 
at which diamond becomes uii.stable if we know the energy of the lattice 
at the a-stage. 

The next (lucstion will be as to how to plot the energy curve during 
the process of transformation <inantitatively. It appears to be exceedingly 
dilhcult to give even a fairly reasonable answer to this (iiicstion. But wc 
make here an approximation which will not be perhajis far from the truth. 
We know from molecular spectra that the course of the potential energy 
curve of a diatomic molecule is given for a fair ai)proximation by a Morse 
function. In the case of diamond, we will assume a Morse function charac- 
terised by the constants L) and a for all the chemical bonds in it. As tlie 
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Morse function is generally valid for fairly large variations of the internucloar 
distance of a diatomic molecule, we can assume the IMorse function of the 
C-C bonds in diamond to be valid so long as diamond is stable. That is, 
the Mor.se fnnetion of the C C bonds in diamond may be regarded as valid 
till the a-stage. To get an airproximatc function for the energy curve 
between the a-stage and the graphite state, we think of the transformation 
of the graphite .structure to that of diamond. Kcgarding the C C bonds 
in the layers of graidiite to be all iflentical in character so far as our calcula- 
tions are concerned here, we assume a Morse function characterised by the 
constants D' and a' for all the C- C bonds in graphite and .also assume th.at 
it is valid between the graphite .state and the c<-stage. f )ne may say that 
our appro.ximation is weak in this case for we haw ignrjicd the forces between 
the layers. It is no dotikd a defect, but it is one which cannot be remedied 
immediately and justiliably. However, we believe :i pari of the defect is 
compensated for in our as.sumption that the C C bonds in the planes of the 
graphite structure will have the same character till the a-stage instead of 
the fact that there is a gradmd weakening of the C C bonds in the planes 
and the gradual appearance of the C C bonds peri)eiiflicnlar to the pl.ines. 

Tlie dissociation energy I) of a normal C-C bonil'^ is 72 (i K. cal./gm. 
mol. We know from the data t)u the Raman spectra of organic coinpoimds 
that the force constant of the C -C bond is in the nei,ghl)onrhood of about 
■1 xltt* dyn./cm., the exjrression for the force constant from the Morse for- 
mula being 21)(<^/X. I'rom this, it follows that a is ^ •ixlO'*. Now we 
can regard the dissociation energy of a C C ixmd in gra])hite to be I times 
that in diamond for it is ob.served by Roth"* and his collaborators that the 
he.ats of combu.stion of diamond and graphite are jiractically identical. So 
1)' is 0(5 -S K. cal./,gni. mol. We now assume that the force constant of a 
C C bond in grajihite is about 1^ times that in diamond. To this a.ssumi)- 
tion, we attach no physical si.gnilicance whatsoever ; we are only aiming 
at ail aiiproximate value of the force constant of a C C bond in gra])hite. 
With this assumption «' iss 2 x 10". 

I/ct r' be the iutcrnuclear distance of the C C boinls parallel to the line 
of displacement and r be the internucloar distance of the otlier C- C bonds 

” K. Kajaiis, Her. (ter Dent. C/icm. Cis.. IWO, S3, 64.5; l')>2, SS, 2SZ(>. 

Prof. K. Fajans ftivc.s the values 75 K.cal..'nin. iiiol. and 100 K. cal./gm. mol. for 
I) ami D' respectively. The value 72-6 K. cal.,'gm. mol. for U ha.s heen taken from the 
work of Prof. K. lluckcl. This (lilTc. ence docs not alfecl onr calculations in this paper to 
any appreciable extent. 

W. A. Rotliaml H. Wallasch. Brr. dir Dciil. Chem. Crs., 1913, 46 (1), 896. 

W. A. Roth, Zril. /. Lllccfrnrltcin.. 1915, 21. .3. 

W. A. Roth and G. Nacser, Zeii. f. Jllcctrochcm., 1925, 31, 461. 
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equally inclined to the line of displacement. As we proceed from the diamond 
state to the a-stage r* is a definite function of as there is only one co-ordi- 
nate (luring that interval. 

If Ea corresponds to the energy gained by a gram-atom of the diamond 
lattice when it comes to the a-stage, 

where 21) and .‘> 1)72 are the dissociaticm energies of gram-atoms of dianumd 
and grajdiitc respectively and r’s arc given in Angstrom units and their 
values at the a-stage are denoted by the subscript a. v^olving the equation 
(1), w’e find 

1 . 08 .\ and “ 1 * fiO A . 

Hence the a-stage in the iirocess of the transformation occurs when the two 
cubic face-centred lattices are displaced apart along a diagonal of the unit 
cell by (1 • 68 - I •fil) a or 0 • I I A. We also find 

h'a^^292() cals./gm. atom. 

The potential energy curve of the transformation is drawn in Eig. 5. 



Km. 5--The potcnljal cncrujy curvi* bcUvcpn tin* dianioiid anil the jjraphite 
.states a.s .a function of r. The initial energy of the (lianioml 
lattice is taken as zero. 


The above calculations mean that the diamond lattice will only be 
sti'ible if the change in the C- C distance parallel to the line of displacement 
does n(;t exceed 0-14 A. So, if we increase the thermal energy of diamond 
which is exhibited as the vibrational energy oi its atoms to sueh an extent 
that the lattice vibration will have an amplitude of 0- .14 A, the instability 
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of diamoml will set in. v^lincc the lattice vibration is tnply degejierate, the 
maxinitini heat content of diamond without its being unstable is 2920x3 
^^8700 calories/gm. atom. We make now a calculation of the tcni])era- 
ture at which the instability of diamond will set in and at which diamond 
will have the maximum heat content. 

Using the Einstein formula for the heat content, we get 

3 R 0 

where® ^hvjk, where the frequency v eorres])onds to the characteristic 
frequency expressed in absolute units. If we assume that the characteri.>;tic 
Kinstein frc(|uency of diamond has a magnitude e<pial to the Raman fre- 
quency 1332 cm. 1 (in wave numbers), we get 0 1907. Solving (2), we get 

• Tsr 2290 A. 

2000" C. 


'fhe temperature T may also be calculated by the use of the Neriist-bindemann 
formula for the heat content of a crv.stal, which gives satisfactory results 
for the S])ecilic beat of diamond at higher temperatures. According to it 

■hil - I-..- 1 

2 Lexp (0/'i') I exp (0/2t) - U 


87 (!0 


( 3 ) 


where the value for 0 is li) 10 as given by Xenisl and biiideinniiii* ” tliemselvcs. 
Solving the e([iuiti()n we get 


T 2110 A. 
1850^ C. 


These ealeiilatioiis of the temperature at which diamond coin eits to gra])Inte 
stand in good agreement with the experimental deterniiiiatioiis which lie 
between lOho*^ C. and 1885'’ C., the temperature of rapid Iransformatioii being 
about 1750' C. according to M. de Kay Thompson and 1*. K. Ihiilich and 
limerich Szarvasy and Bela J.anyi. 

The author is highly thankful to his professor Sir C. V. Raman for his 
great and helpful interest in this work. 


5. Smmnary. 

The transformation of the diamond structure to the graphite structure 
is explained in terms of three elementary oporalions, one f)f which is a dcli- 
nite displacement of the two cubic face-centred lattices of diamond relative 
to one another. It is shown here that for a certain dis])lacement of the 


W. Nernst and K. A. Uindemann, Bcr. Bcrlimr Akad., 1911, 1, 494; Zeif. /. PJcctro- 
c/iciM., 1911,17. 817. 



152 


N. S. Nagendra Nath 

coinj)()ncut lattices, diainoiid attains inaxininni energy of its configuration 
and becomes unstable. The temperature at which diamond becomes un- 
stable and transforms to graidiite is calculated and is shown to be in good 
agreement with the experimental determinations. 

The ideas followed up here seem to be not very special to the diamond- 
graidiite transformation itself but can have extensions for similar types of 
transformation of other substances. 

Note added in piroof . — While this paper was in the Press, two papers by 
W. hasareff have appeared {Jour, Phys. Chem., 39 , 913; Physica, 

1935, 2, 737) in which he has calculated the dissociation energy of a C-C 
bond in diamond. The value given in Physica is 132 ± 3*5 K. cals./mol. for 
departing greatly from the values known till now which range between 
70 -tSO K. cals. Lasareff has argued that a carbon atom in diamond is in 
the (■'*S) state while a carbon atom in the gaseous state is in the (®P) state 
and that the difference between the energies of these two states has to be 
considered when calculating the dissociation energy of a C C bond in 
diamond by the help of the data regarding the sublimation heat. However, 
it should be noted that this great change in the dissociation energy of a 
C -C bond does not affect our calculations of Kai as the coeflicient of the 
quadratic term r^ does not vary for it is equal to NK/2 where N is the 
Avogadro number ami K is the force constant of the C-C bond whose 
value has been assumed to be -1 x 10” dyn./cm. Thus a change in D with 
the corresponding change in a affects only higher order terms. Thus our 
results should not be affected to a great extent by a change in D. We 
have jiiadc calculations of a, a\ Va, I'a and 1?^ assuming Iva.sareff’s value 
for T) (r)'^--4I)/3-:--^ I7(i K. cal./niol.). The value of a is 1 'Idx 10'^ cm. ^ and 
the values of ra and /'a' arc the same old values 1-5()A and l-fi8A respec- 
tively. Ka would be 30 U) cals./gm. atom. It follows from the above that 
T is=?5 2080°C. according to the lunsteiii formula and that it is lOOOX. 
according to the Neriist-biiidemanii formula. These values are again in 
agreement with the experimental determinations. 
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/. Iniroductinn. 

Tn a previous coniniunication to these Proceedini^s,^ the author has discussed 
at length the ([uestiou of the dependence of the observed value of the de- 
j)olarisatioii on the Unite convergence of the incident beam, when, as is usual 
ill dealing with gases and vapours of small de])olarisation, a condensing lens 
is cm])loyed to concentrate the light on the scattering medium. In *’iew 
of the conclusion arrived at theoretically, and confirmed experimentally that 
the depolarisation of the Iransvcrsely scattered lij^ht measured at the focus is 
definitely higher than the genuine value, the magnitude of the deviation de- 
])ending in a jierfectl}' fleterininate way on the convergence of the incident 
beam, it ajipeared to be highly important to lake u]) a systematic redeter- 
mination of the depolarisation in the ease of a number of gases and vapours 
because of the uncertainty that attaelics to the values rejiorted by ]nevious 
e\])eriniciiters who have partially or totally ignored the correction for the 
convergence of the incident beam. 'Hie present paper contains the results 
of the experimental study of more than a doy.en gases and vapours. The 
values of the depolarisation show in many cases not only a delinite departure 
fnini those re]jortcd by pre\-ious workers, but present certain new and 
interesting features which will be discussed in the course of the ])apcr. 

2. Experimental 'technique. 

Hy far the greater portion of the exjicri mental study of the depolarisa- 
tion of gases and va])ours is due to the j)ioneer work of bord Rayleigh in 
Kngland, of Cabannes and his co-workers in !• ranee, and of Prof. Raman 
and his students at Calcutta. A critical review of the experimental techniciue 
of the different workers is given in Cabannes’ book.^ While Lord Rayleigh 
and Prof. Raman have employed metallic crosses of large capacity painted 
black inside, with suitable diaphragms to protect against parasitic light, 
Cabannes and his co-workers have mostly used smaller crosses made of glass 

1 R. Aiiaiithakrishnan, Proc. ftaf. Acad. Sci., A, 1935, 2. 133. 

“ J. Cabannes, La Diffusion Molcculaire dc ia Luniivrc, 1929. 
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with no (liaj)hragnis inside, and painted black externally. Although each 
technique has its own advantages, experience has shown the present author 
that the best arrangement is one in which the advantages of both the above 
modes of experimentation are sought to be combined. Towards this end, 
a cross in pyrex gla.ss of over a litre in capacity was made witJi the following 
approximate dimensions. The tube taken was 4 cms. in diameter, and three 
of the four arms were about 20 cms. in length. The fourth arm opposite 
the observation side was mucli longer and was drawn out and bent up in 
the shape of a horn to the end of which was attached a pyrex stoi)cock for 
admi.ssion of gas into the cross. Although the u.se of diapliragms may not 
be very important when the photographic method is adopted for depolari- 
sation measurements, accurate visual photometry is practically impossible 
unle.ss the utmost precautions arc taken to avoid parasitic light from entering 
within the held of observation. Suitable diaphragms of oxidised brass were 
therefore ])ut in inside the cross. These dia])hragnis were made out of short 
lengths of thin l)rass tube one of the ends being closed by a thin brass plate 
having a central hole of J inch diameter. The surfaces of the diaphragms 
were rendered black by iiuniersiiig them in an ammoniacal solution of co])per 
carbonate. They were then rolled in thin asbestos ])a])er and introduced 
into the arms of the cross. After fixing the i)osilions of the dia])hragnis 
within the cross by a preliminary experiment, the oi)eii ends of the three 
arms were closed by fusing on fiat pyrex plates (previously €'xamined l)etween 
crossed nicols for strain) in the way recommended by ^lartin.® The whole 
cross excepting the end windows was ])ainted dull black externally. The 
complete eschewal of all traces of ])aint from within the cross ensured perfect 
freedom from contamination of the gases and vapours studied. 

'riie cross was mounted on a stool proviiled with levelling screws and 
S])irit level, and observations were made within a dark ealnii into wdiich 
sunlight was refiected by a single mirror I'oucaiilt lieliostat. A Dallmeycr 
photographic lens of adjustable aperture, and focal length I fool fixed to the 
wall of the cabin served to concentrate the sunlight at the centre of the cross. 
The whole arrangement was such as to give an exceedingly nice background 
against which even the faintest tracks could be seen with but little difficulty. 

All the gases were taken directly from commercial C 3 dinders supplied 
by the Ohio Chemical and Manufacturing Co., and were guaranteed a high 
degree of purity. The scheme of the experimental arrangement is shown 
diagrammatically in the figure. The gases were admitted into the cross 
at atmospheric i)ressure through a tube of anhydrous P 2 O 6 and a long plug 

W. H. Martin and S. Lehrnian, Jour. Phys. Clicm., 1922, 26 , 76. 
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of com])ressecl cotton wool after evacuating the whole system by means of a 
Cenco llyvac Pump. Rubber connections were avoided as far as possible 
to minimise leaks, and special care was taken to see that the system was 
perfectly leak-tight before commencing the experiments. l*'stimates of 
depolarisation were made visually by the usual Cornu method. 

In the case of CCI4, the technique adopted was slightly different. Extra- 
pure CCI4, guaranteed to be free from CvSg, was relluxed with freshly distilled 
mercury for several hours and finally distilled at constant boiling point. 
A small quantity of the licjuid was introduced into the bulb attached to the 
longer arm of the cross by means of the side tube and the latter was then 
sealed off. The CCI4 w'as frozen in li(juid air, and the cross was exhausted 
to the highest vacuum. 'J'he stopcock was then closed, and the liquid air 
bath removed. As the CCI4 rises up to the room temperature, the vapour 
pressure is (piitc appreciable to give a scattering of sufficient intensity to 
make accurate measurements. 

3. Adjustmenls and Sources of Error. 

The accurate estimation of small de])olarisation values with 'which one 
is confronted in the case of the majority of gases and vapours necessitates 
the utmost precautions to safeguard against various sources of error which 
tend to vitiate the observations. IJnpolarised light diffused by the back- 
ground is highly detrimental in the case of visual photometry as has been 
already pointed out. The error arising from this source is got rid of by the 
use of suitable diaphragms, and by viewing the two images of the track seen 
through the double image prism against the same background. Hori- 
zontality of the axis of the incident beam is very important, and is secured 



156 


R. Ananthakrishnaii 


l.)y setting the cross horizontal with the spirit level. Normality of the direc- 
tion of observation to the axis of the incident track is easily secured when 
the container is cross-shaped. The piincipal section of the double image 
prism is set vertical by viewing an illuminated plumb line, and rotating the 
pri.sni about a horizontal axis till the two images are entirely sui)erposed. 

The effect of the finite convergence of the incident beam is to enhance 
the value of the depolarisation, and the correction to be aiiplicd to the ob- 
served value under this head is given by 0®/2, where B is the semi-angle of 
convergence. It may be remarked that the experimental results of J)r. I. 
Ramakrishna Rao* and tlie later work of Parthasarathy® require correction 
in this direction. 

4. Results. 

'file table below gives the experimental results after being corrected 
for the convergence of the incident beam. An aperture of was 

employed in all cases and the correction required for the observed value 
can be easily seen to be 


GjI.5 


“o I’urily 

I li'polarisation 

Ml'IIkuiu 
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09* 5 

1-49':;, 

Caihfin Tetr.'ichlonde 

ecu 


o-ir>'\', 

Oi methyl ]‘!l her 

Clla-O-CfJa 

99-95 
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A 

86 

0-42% 
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H.s : 

99-73 
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Nitrous Oxide •• 

NaO 

98 
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4 I. R. Ra.), I mi. Jour. PJtys., 1927, 2, 61. 

•' S. Parthasaratliy, hid. Jour. J^hys., 1932, 7, 139. 



Depolarisation of Lif;hl Scattering in Gases and Vapours 157 
5. Discussion of ResuUs. 

As lias been already remarked, the results of the author are, in many 
cases, eiitirel}'^ at variance with those of prex ious experimenters. 

Methane. — We shall commence with methane, the leadini> member of 
the paraflin series. The first outstanding result of the i n vest ij;at ion is that 
the genuine depolarisation factor of methane is considerably lower than 
what it has been till now assumed to be. While Caba lines gax e the value 
I *5% and Parthasarathy 1 • 12%, the actual value appears to be of the order 
of 0-3%. Considering the fact that the residual imjiurities in methane are 
most probably some of the higher h 3 alrocarhons whose deiiolarisation factors 
arc (piite small, the observed depolarisation of inethanc seems to be (piite 
genuine. Thus, for instance, if we assume that the 3*5";o impurity is all 
ethane whose intensity of scattering is roughly thrice as great as that of 
methane, the observed depolarisation of methane will be alTected only in 
the second i^lace of decimals. It is not improbable that the source of this 
depolarisation is to be sought for in the existence of depolarised Raman 
scattering. The Raman Siiectrum of methane .shows an intense line at 
21)15 cni.”^ corresponding to the total symmetric vibration of the molecule, 
which according to the observations of Bhagavantani® is depolarised to the 
extent of 8%, but possesses no rotational fine structure. On the other hand, 
the intense band at 3022 crn.''^ is highly depolarised to the extent of 80%, 
and shows cqnisj)aced rotation lines on either side of it. vStuarO seems to 
be of o]jinion that this strongly depolarised vibration band would be res- 
ponsible for a spurious depolarisation of the Rayleigh radiation to the extent 
of 0-1 to 0*5%, when one is xvorking with white light as is usual in depola- 
risation measureinciits. Thus, in the })resent case where sunlight was em- 
ployed, the photographic lens used for focussing the beam transmits the far 
violet end of the spectrum, say up to 3000 a V. and the corresponding 
vibration scattering xvould fall well within the region of greatest visibility. 
If this view be correct, and a filter be employed which cuts off the entire 
violet and blue regions of the spectrum on the incident side, and another 
which cuts off the entire region beyond the green and xxllow^ be em])loyed on 
the observation side, we .slionld expect the de])()larisation of metliane not to 
differ from zero. All these considerations lend .strong .sni)i)ort to the view 
that the Rayleigh scattering in the case of methane is completely polarised. 
This conclusion is in perfect accord with the observation of Hhagavantam,** 

^ S. Bliagavantain, Xiitiirc, 1932, 129, 830. 

H. A. Stuart, Malckuhtruktur, 19.14, p. 192. 

^ S. Bhagavantam, Nature, 1932, 130, 740, 



158 


R. Ananthakrishnan 


later confirnierl by I^ewis and Houston,® that even prolonged exposures 
extending over a week fail to bring out any rotation wdngs for the Rayleigh 
line in the case of methane. The assunij)tion of tlie anisotropy of the carbon 
atom thus appears to be definitely uncalled for to explain the depolarisation 
of methane. In this connection, a redetermination of the depolarisation 
factor of the total symmetric vibration line would be of great interest, since, as 
has been remarked by Stuart,^ Bhagavantam’s value appears to be too high. 

Higher homologues. — The second important outcome of the experimental 
work is the fact that as we pass from methane to the higher homologues, 
the depolarisation shows a steady increase from 0-31% in the case of methane 
to 0-85% in the case of normal butane. Cabannes, however, arrived at 
the conclusion that the depolarisation does not change a])preciably from one 
member to another, but the conclusion of the author is supported by the 
observations of Parthasarathy.^ It thus appears that anisotropy is not 
wholly unconnected with the geometric form of the molecule. That this is 
so is again shown by the fact that while normal butane has a depolarisation 
of 0-85%, for isobutane the depolarisation drops down to 0*4(J%, in con- 
formity with the greater symmetry of the molecule. 

Other hydrocarbons. — Cyclopropane, whose depolarisation docs not appear 
to have been measured by any of the previous workers, show’s a very small 
value, which is not surprising in view of the known low depolarisation of 
Cyclohexane. Propylene shows a high depolarisation, as would be expected 
on account of the double bond. 

Methyl a7id Ethyl chlorides. — Method chloride is definitely more aniso- 
tro])ic than ethyl chloride, contrary to the olwervatioiis of Cabannes. The 
large increase in the value of the dei)olarisation which results from the 
substitution of one atom of hydrogen in methane by an atom of chlorine 
is very significant. While this observation is in qualitative agreement with 
the results of Parthasarathy, it is in total disagreement with those of Cabannes 
who finds very little change between the depolarisation factors of methane 
and methyl chloride. 

Carbon tetrachloride. — The dex)Olarisation of the tetrahedral molecules 
has remained for a long time a puzzling and unintelligible problem. I'or 
CCI 4 , the depolarisation in the vapour state was estimated to be 0 -77% 
by Cabannes, 0-5% by Raniakrishna Rao and 0*62% by Partha- 
sarathy. Stuart^® finds these values to be wholly inconii)atible w’ith 


® M. Lewis and W. V. Houston, Phys. Rev., 1933, 44, 903. 
n* H. A. Stuart, loc. cit., p. 329. 

S. Parthasarathy, loc. cit. 

J- H. A. Stuart, loc. cit., p. 193, 
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his measurements of the Kerr-constant of CCI4 from which he concludes 
that the departure of the molecule from spherical symmetry is im])erceptibly 
small, and would not be responsible for a depolarisation of the vapour ex- 
ceeding ()*15%. The author's result stands in good agreement with this 
value. It should, however, be pointed out that the expcriiiioiital value 
itself gives only an upper limit for the depolarisation, since in the actual 
measurements, all possible sources of error only tend to enhance the genuine 
value, and also because, here, one is well-nigh at the limit of accuracy in 
depolarisation measurements. As vStuarl^'* lias ]K)inted out, the investiga- 
tion of the fine structure of the Rayleigh line, as well as that of the total 
.symmetric vibration Raman line in the case of CCI 4 \'apour, would be of 
extreme interest in this connection. 

It might on first consideration seem conceivable that a small anisotropy 
would be caused in the case of CCI4 by the ])rescnce in one and the same 
molecule of chlorine isotopes of dilTerent masses and .*^7). However, on 
account of the physical similarity of isotopes with nearly eciiial masses, the 
magnitude of this anisotropy would appear to be vanishingly small. 

Ar^^on , — The case of argon demands sj^ccial exidanation. In the first 
place, it w'ill be noticed that the sample employed is very impure. The 
most ])robablc impurity a])pears to be nitrogen and if it be assumed that 
the 11 % impurity is all nitrogen, it follows from simple calculation that 
the depolarisation of argon is not .sensibl}" difi’erent from zero, as the depolar- 
isation of nitrogen is about 3%, and the relative scattering powers of argon 
and nitrogen are not very different. 

The reality or otherwise of the depolarisation of the rare gases has been 
an unsettled issue. Kxperi mentally, Cabannes a])pears to have found a 
small depolarisation of 0-5% for argon, krypton and xcjion, while for neon 
the upper limit is given as 1 %. The case of helium is again very uncertain, 
the upper limit for its depolarisation being given as by bord Rayleigh 

and as 3 % by Parthasarathy. I'rom the theoretical standpoint these values 
are difficult to comprehend. The ground state of the atoms of the rare 
gases is the bS state, and theory indicates that the scattered radiation corres- 
ponding to such terms should be linearly polarised. Placzek^'* has therefore 
expressed himself as very sceptical of the reality of these dej)olarisation 
values. The author’s experimental results indicate that the finite depolar- 
isations reported by earlier workers are not trustworthy. However, this 
conclusion is only tentative, and the author hopes, before long, to take up 

H. A. Stuart, loc. cit., p. 194. 

1-^ G. Placzek, Qiianten Mcchanik dcr Matme und StrMwuj, Teil II, Leipzig, 1934, p. 259. 
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the purification of argon, and a direct experimental test of the anisotropy 
of this gas, as well as of other rare gases, particularly heliiun. 

Hydrogen sulphide - shows an extremely small dej)olarisation 

(0-3%) the reality of which however is quite definite. Of the previous 
workers, Rainanathaii estimated the depolarisation as 1% and Parthasarathy 
as 0«93%. The depolarisations for other hydride molecules such as llCl, 
HJir, NIJ. 3 , etc., as estimated by Parthasarathy are also of the same order 
of magnitude. In view of the author’s low value for HgS, it would seem 
that the other values would also be similarly low. Tlicse very low values 
are not dillicult to understand, since, as Stuart^^ remarks, “ die Ilydrid- 
molekiile HCl, IlgO, TIavS und die wir als Pseudoedelgase mit mehreren 
unpolarisierbaren II-Kerncii in einer geminsanieii Klektroneiiwolke aufi'assen 
kihinen, trotzdeiii sie elcktrisch unsymmctrisch sind, d.h. eiii elektrisches 
Moment besitzen, eiiicn sehr holien opti.schen Syrnmetriegrad haben". 

Ill conclusion, the author wishes to record his grateful indebtedness 
to Professor Sir C. V. Raman for valuable guidance and suggestions in the 
course of the jireseiit work. 

6'. Summary. 

It is pointed out that the existing depolarisation data of gases and va- 
pours are gravely defective, and a redetermination of the values has been 
made with improved experimental technique. The results obtained are 
strikingly dilTerent from those of ])revious workers, and afl’ord at the same 
time a natural exjdanation of many of the existing anomalies. The genuine 
depolarisation of methane appears to be only of the order of 0*3% which is 
in all probability to be attributed to the highly depolarised vibration Raman 
lines. The dciiolarisation shows a steady increase as one goes to the higher 
members of the homologous series, but the values in all cases are much smaller 
than they wwe hitherto assumed to be. Cyclopropane shows a very sniali 
depolarisation in conformity with the known small de])olarisation of cyclo- 
hexane, while jjropylcne shows a high value as would be exjiected from the 
presence of the double bond in it. Methyl chloride is more anisotropic than 
ethyl chloride, and the depolarisation factor of the former is much higher 
than that of methane. Carbon tetrachloride shows an extremely small 
depolarisation of 0-15% whicli is discussed in detail. It is tentatively con- 
cluded that the depolarisation of argon is nil. The depolarisation of ILS 
is only 0-3%. An explanation is offered for the low depolarisation of the 
hydride molecules in general. 


H. A. Stuart, loc. cit., p. 190. 
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/. Introdiiclion. 

Tn a previous paper^ (hereafter referred to as Part 1) a study was made of 
the diamagnetic sii.sceptibilitie.s of liipiid mixtures from Hie jioiiit of \iew 
of additive law. It is .shown that magnetic nieasuroments are not sensitive 
to interaction effects, whether between like oi unlike molecules, carrying 
high dipole moments. Hreak-up of association by heating or by the addition 
of foreign molecules does not jirodiu'e any cliange in the value of the ma.ss 
susceptibility. In this paper, a study has been made of the inlluenee of 
chemical action on diamagnetism, iiarticularly when hydration is concerned. 

Recently Cabrera and I'ahlenbraclt^ working with aqueous solutions of 
potassium iodide observed a small but definite change in the susce])tibility 
value which the}^ attribute to hydration. They suggest that this change is 
due to the deformation of the ion brought about by hydration. It is with 
the object of verifying whether such small changes could be observed in 
magnetic measurements that a study of the dccahydrate of sodium suljdiate 
(Na2vS04, IOII2O), both in solution and in the solid state was undertaken. 
This salt commends itself as specially suUtil for this jmrpose since, as is 
well known, it decomposes into anhydrous NagvSC >4 on healing to tenq)eratures 
above 3 : 5 ®C. 

A study of sulphuric acid-water mixtures has also been carried out since 
several hydrates of the acid are known. The fact that this acid (which is an 
ele(^trolyte) gives a change in suscei)tibility on forming a compound gives 
additional intere.st to this study, h'arquharsoip has studied this mixture with 
the Curie-Cheneveau balance. His concentratioii-susce|)tibility curve deviates 
considerably from the additive law and abounds in maxima and minima. 

Another mixture which has been studied is acetic acid-water. This is 
one of great imi;)ortance since e\'idence regarding tlie formation of a com- 
pound at cciuimolecular concentrations is (luite definite both from Raman 
effect data and from viscosity measurements, besides, Sibaiya and 

* Proc. hid. .dead. Sci., 1934. 1, 77. 

“ Zcils. f. I’hys., 19.34, 89. W). 

Phil. May., 1931, 12, 283. 
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Veiikatarainiali^ have studied the magnetic properties of the liquid mixture 
and showed that the diamagnetic susceptibility decreased considerably (by 
about 12 per cent.) at cquiniolecular concentrations. Hence a study of this 
mixture has been made at different temperatures to test whether the compound 
formation has any effect on susceptibility. If so, a progressive variation 
must be noted when an equimolectdar mixture is heated. Such deviations 
have not been observed in the present investigation. 


Table I. 

Sulphuric acid-water. 


S;imple I 

Sample II 

Sample III 

1’t‘rcentage of 
acid ])y weight 

X 

1 Percentage of 

I aciil hy weight 

X 

Percentage of 
acid by weight 

X 

0.0 

0.720 

0.0 

0.720 

1 0-0 

1 

0.720 

7.9 

0.680 

53.5 

0-533 

1 5-1 

0-700 

21-5 

0.628 1 

54.1 

0-620 

' 12.3 

0-673 

40-7 

0.505 

59.5 

0.510 

17-8 

0-650 

46-5 

0.541 

63*1 

0.493 

29.8 

0.608 

49.1 

0.540 

70.9 

0.453 

32-5 

0-598 

6,3.2 

0.529 

79.4 

0.445 

44.5 

0..556 

65.2 

0*482 

82.9 

0.431 

58-8 

0.511 

71.2 

0-469 

86.6 

0.428 

63-1 

0-508 

82.5 

0-432 

87.3 

0.425 

66-0 

0-483 

97-0 

0-403 

87.6 

0-426 

69-4 

0.477 



90.5 

0-423 

69.8 

0-474 



93.3 

0.416 ; 

76-2 

0-451 



97-0 

0-402 

94.5 

0-412 





97.4 

0.403 


2. Experiment. 


Two methods of determining the susceptibilities were emidoyed. (a) 
Quincke’s method, the details of w^hich arc given in Part I and (J) Curie 
method® in the special case of sodium sulphate. 


< Ind. Jour. Phys., 1932, 7, 393. 

® Full details of the method arc given in Proc. Ind, Acad, Sci., 1934, 1, 123. 
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3. Res lilts. 

(a) Sulphuric acid-icater . — The sulphuric acid used was analogically 
pure and was taken from freshly opened bottles. Three samples were used. 
The densities of the pure acid and the mixtures were determined by weigh- 
ing a clean glass piece suspended by a line platinum wire, in air, in water 
and in the liquid. I'rom a know'ledge of the density, the concentration of the 
acid could be found from the tables. 

Careful experiments were conducted to test for the presence of iron or 
other ferromagnetic impurities in the acid. A direct chemical test failed to 
show the presence of iron, further the values of the magnetic susceptibility 
of some mixtures were determined at different field strengths. Results for 
any given mixture gave a constant value showing the absence of any ferro- 
magnetic impurities. 

The mean values obtained for the three samples of sulphuric acid at 
different concentrations are given in Table I. 

Fig. 1 shows the curve betw^eeu conipositioii and su.sceptibility. It 
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is ()l)served that, there is considerable departure from the additive law. 
Sinj^iilar j)oiuts in the composition-susceptibility curve may be taken as 
an indication of an interaction in the system. To find out these singular 
points l)cttcr, the deviatioji from the additive law of mixtures has been plotted 
against the corresponding concentration. This has been done in I'ig. 2. 
It is seen that the definite forination of hydrates is indicated in the figure, 
these being 2H2VSO4, HgO ; H2VSO4, HgO ; H2SO4, liHgO ; H2SO4, GHgO and 
H2SO4, I8H2O. One point deserves special mention. The susceptibility 
value corresponding to 2H2SO4, ILO is greater than the additive value while 
the values for the other hydrates are smaller than the corres])onding additive 
values. This leads to the definite conclusion that the type of interaction 
in the case of 2H2SO4, H2O is different from that of the other hydrates. 



Tt is interesting to compare these results with those of I'arquharson. 
His curve shows a flat maximum at 80 -89 per cent, which he suggests as 
due to TTavSO.,, H2O. He obtains also a break at the conipo.sitioii corrcs])ond- 
ing to Hov^Ch, ‘JIIoO. Between 0 and 50 per cent, of the acid, he obtains 
several minor maxima and minima for which he does not offer ain" explana- 
tion. He identifies the decided maximum at 15 • I per cent, as the state 
in which all the ions are free and obtains a value of 39 -0 for the suscepti- 
bility of the SO4 ion. In the formation of the hydrates H2SO4, II2O and 
H2SO4, 3HaO, Farquharsoii's results and those of the present investigation 
agree. Our results show clearly by the aid of l"ig. 2 that singular points 
exist at compositions corresponding to a few more hydrates. 
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Attention may be drawn to the evidence availid)le from other j)roperties 
regarding the formation of hydrates.® The freezing j^oinl curves are usually 
examined to detect the i)rcsence of liydratcs. It should however be i)ointcd 
out that while they can be de])eiided u])on for solid hydrates se|)nrating from 
solutions, nothing can be inferred regarding the presence of these hydrates 
in solution. In fact it has been most conclusively shown that even the 
inert gases can se]xuate out as hydrates on solidification at very low tempera- 
tures. This evidence clearly points to the fact that the aflinity of the water 
molecules in the hydrates in the solid state may not be entirely chemical. 
On the other hand the existence of hydrates in solution points to a more 
fundamental link of the nature of a chemical bond between the water mole- 
cules and the .substances under con.sideration. It is therefore necc.ssary 
to look in other directions for the identilication of the presence of hydrates 
in solutions. 

Deviations from the additive law of mixtures have been ifiotted against 
the corresponding concentrations to find singular ])oints by Morgan and Davis. 
They obtained evidence for the exi.stencc of the following hydrates 112804, 
TIgO by the specific gravity, viscosity and refractive index curves ; II2SO4, 
2H2O by the refractive index curve, HjjSflj, ‘ 5 II.>() by the surface tension 
curve and 112^^04, DJH.X) by the conductivity curve. There is also exidcnce 
for the exi.stencc of HavSO,, H./) from Graham’s investigations on capillary 
transpiration, and from Thomi>son*s thermochemical obsetvalions. Pfaundler 
and Schnegg discovered the existence of H.2SO4, lUf.) and IfivSO,,, 211./) from 
their cry.scopic ob.scrvations. 

Houty found in his electrical conductivity results a minimum for 2II2SO4, 
II.2O and a maximum for H2SO4, H.2O. This is strikingly similar to the 
susceptibility results obtained in this investigation. 

It is seen that hydrates of sulphuric acid having one, two, three, six 
and twelve molecules of water are all indicated by the different physical 
pro])erties. The mono-hydrate is indicated by almost all tlu‘ properties 
while the hydrate H.2SO4, IIIgG which crystallises out as a solid, is cousiacuous 
by its ab.sciice in solution. 

The magnetic ob.scrvations corroborate the existence of the hydrates, 
•’IljSO,, H^O ; H3J^04, H *0 ; HaSOi. (ill.O and H,S04, 1S1T,/J. 

The hydrate HjSOi, seems to 1)C ahsont in the solution, an observation 

also made by I'arquharsou. One of two alternatives is possible. The di- 
bydratc may not be present in the solution under the conditions of the 

0 'j'lig information contained in this and the following paragraphs lias been taken 
from Mellor's Dictionary of Af'f’lu'J Chemistry, Vol. 10, p. 353 ff. 
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experiments or the presence of the dihydrate may not give a break in the sus- 
ceptibility-concentration curve. This problem needs further investigation. 

Sulphuric acid-water mixtures have been studied from the point of 
view of the Raman Effect by Ramakrishna Rao/ Nisi* and Woodward.® 
The results show that the Raman frequencies 416, 562 and 1171 are affected 
considerably by the nature of the combination. The magnetic results out- 
lined above, support the conclusions of Nisi that there are changes of fre- 
quency due to the formation of hydrates on dilution of the concentrated 
acid. 

(6) Acetic acid-water . — Since the density difference between acetic 
acid and water is small, the method followed in the case of sulphuric acid- 
water mixtures to determine the composition of any mixture could not be 
adopted in this instance. Weighed quantities of the acid and water were 
mixed together and poured into the tube. On exhaustion and sealing, the 
loss of weight of the mixture by evaporation w’as only 1 per cent, of the total 
weight of the mixture. The comi)ositioii of the liquid inside the tube was 
taken to be therefore the same as the value before exhaustion, the error in 
this determination being obviously less than 1 per cent. 

Taulk ir. 

Acetic acid-icater. 

(Temperature 29° C.) 


Acetic Acid 
0/ 

Dc'pression 
divisions uii 

X 

/o 

scale 

1 


0 

641-5 

0-720 

21-4 

607-5 

0*681 

40-7 

673-0 

0-642 

63-1 

540-5 

0*606 

75-0 

521-5 

0*582 

75-4 

517-5 

0-680 

81-8 

510-5 

0*672 

88-3 

501-5 

0-562 

100-0 

480-0 

0-538 


7 Imi. Jour. Fhys.. 19.13, 8. 123. 

R Jap. Jour. Phys.. 1929, 5, 119. 

9 Phys. Zeits., 1931, 32, 212; Proc. Roy. Soc., 1934, 114, 118. 
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The results for the susceptibility of acetic acid-water mixtures at different 
concentrations are given in Table IT. 

Table III gives the effect of temperature on the susceptibility of ])ure 
acetic acid and water. 

Tabi.k III. 


Acetic Acid 

i 

1 

Water 


Temperature 
OC. ' 

i * 1 

V ;Y ! Temperature 

1 o(j 

X 

i 

28 

0*538 

1-000 

28 

0-7200 

1-0000 

29 

0-537 

0-998 

38 

0-7202 

1-0003 

38 

0-538 

1-000 

40 

0-7206 

■ 1-0008 

45 

0-538 

1-000 

45 

0-7211 

1-0013 

53 

0-537 

U-998 

55 

0-7216 

! 1-0022 

57 

0-537 

0-998 

1 





The effect of temperature on the susceptibility of the mixtures is shown 
in Table IV. 


Taiu.k IV. 


Acetic Acid 88-3 Vi 

.Acetic Acid 75 Vo 

Acetic Acid 21 -4 Vi 

'remppra- 
ture °C’. 

X 

1 

Tempera- j 
ture oc. ! 

1 

X 

-- 

Tempera- 
ture °t:. 

X 

28 1 

1 

0-562 1 

29 

0-582 

28 

0-681 

30 

0-562 

! 37 

0-584 

40 

0-681 

41 

0-563 

1 « 

0-584 

48 

0-G81 

47 

0-562 

1 

48 

1 

0-583 

50 

0-681 

49 

0-662 


0-583 



50 

0-562 





56 

0-562 

1 






It is seen from Table III that acetic acid shows no variation of suscepti- 
bility with temperature in spite of the fact that it has a high dipole moment 
and is highly associated at ordinary temperatures. The break-up of asso- 
ciation in the case of acetic acid as in that of nitrobenzene produces no 
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change of susceptibility. The results accord well wdth those of Cabrera 
and h'alilenbrach.^'’ In tlie case of water, on the other hand, a small definite 
increase is noted, the coelTieicnt being nearly equal to the values obtained 
by Auer*b Cabrera and I'ahlenbrach**** and Hoeker^®. 

In Pig. 3 is shown a graph between the percentage of acetic acid in the 
miMtiire and susceptibility. It is seen that the points plot smoothly on a 
straight line. No deviations such as w*ere observed by Sibaiya and Veiifcata- 
ramiah are ])reseiit in the gra])h. 



Fro. a. 

This mixture has special interest because of the fact that a dcijiiite 
compound is formed at the particular comi^osilion where the coelhcient of 
viscosity is inaximum. It is interesting to note that the i)()sitioii of the 
maximum in the composition-viscosity curve is in(le])endeiit of temperature 
showing the existence of a delinite compound at that concentration.*^ The 
density curve also shows a maximum at the same eonceiitration. Krishiia- 
murthi*® has iin'estigatcd the mixture from the point of view of the Kamaii 
effect ; his results show that in addition to 1()()7 ciii.T^ line characteristic 
of the acid, a new line at 1707 cui.”^ appears at about 05% which increases 
ill intensity with further dilution till it is the only line ])reseiit at about 75% 
and lower coiiceiitrations of the acid. He further suggests from the intensity 
variations that the covalent linkage is strengthened in this case. However 

Zeits. /. iniys., 1934, 89, 6«2. 

Aun. dcr Phys., 1933, 18, 593. 

in Zcils. /. Phys., 1933, 82, 759. 

13 Phys. Rev., 1934, 46, 907. 

14 Jour. Chem. Soc.. 1909, 95, 1556. 

13 Nature, 1931, 128, 639. 
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no deviations from the additive law are caused b}’ the compound formation 
in magnetic susceptibility measurements. 

Increase of temperature produces no change in susceptibility. If any 
change of susceptibility is brought about by the compound formation, such 
changes must show alterations with temi^eraturc and departures from the 
additive law ought to occur at higher temperatures. The absence of such 
an effect proves that no measurable change has been caused by the formation 
of the compound and any change that takes jdace is too feeble to affect the 
electronic system considerably. 

(c) Sodium siilphate-waier . — This is a t'ase of a strong electrolyte 
dissolved in water. It is wellknown that sodium sulphate is present in 
solution as the decahydrate below 33® C. and that it decomposes at higher 
temperatures. The reaction can be represented thus : — 

33°C. 

NaaS04, lOHaO Na2S04 4 lOIIaO 

The forward reaction is almost instantaneous while the backward reaction 
takes some time to i)roceed, so that it is possible to have the anhydrous sodium 
sulphate below 33® C. for a short time. The solubility curve brings out this 
point cjuite clearly since the solubility of the hydrate is entirely different 
from that of the anhydrous salt. 

These facts have been utilised to study the magnetic behaviour of the 
hydrated salt both in solution and the solid state. Kay-Chaudhuri'® has 
determined the magnetic susceptibility of a number of salts when they are 
hydrated and anhydrous and liiids that in a large niinil)er of cases, a marked 
deviation is observed between the calculated additive value of the hydrate 
and the observed value. He concludes from the investigation that the 
deviation from the additive law is more prominent in those cases where the 
heat of fovniation is large. The fact that the hydrated and the dehydrated 
salts were prepared separately for the magnetic investigations makes a 
quantitative study a little doubtful. An obviously better method w^ould 
be to prepare the hydrated salt and determine the magnetic susceptibility 
before and after the dehydration, the water remaining in the combined state 
in one case and free in the other so that the effect of binding alone will be 
recorded by the change in the magnetic susceptibility value. 

This method is not always easy to realise. But it happens that Na 2 S 04 
lends itself easilj^ to such investigation since the hydrated salt decomposes 
on heating to over 33® C. into the anhydrous salt and water. The object 


ZeUs. /. Phys,, 1932, 77, 271. 
A5 
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of the j)resent investigation is therefore to study the effect of binding on the 
susceptibility of the hydrate. 

The initial temperature of the solution was usually about 28" C. The 
depressions obtained in the Quincke method were noted just at this tem- 
perature and then at higher temperatures as the liquid was gradually heated. 
No changes in the depression were observed as the temperature was raised 
to above 3:V’C. The solution was then cooled to the laboratory tempera- 
ture and no change was observed even when the measurements were repeated 
over a considerable period (3 to 4 hours) during which interval, the salt 
should have become a hydrate again. This result definitely indicates that 
no iin])ortant change in the electronic configuration occurs on dehydration. 
The values obtained at different temperatures are tabulated below. 

Taht.k V. 


C«)tu't ntr.'ilirm 11 

■8% 

(*oni:en trill ion 20* 

0% 

Concentration 2 j‘ 


renipera- 

ture 

1 ^epr(?ssion 
(li\isions 
on scale 


'i'limpeia- 
lure ' C, 

Depression 
divisions 
on M ale 


'I’einpe- 

raliire 

'Depression 
' divisions 
■ on scale 

XtlX,, 

28 

604*0 ; 

1*0000 

28 

581*0 

I *0000 

28 

556*3 

1*0000 

31 

1 

604*1 

1*0002 

35 

580*5 

0*9991 

31 

657-0 

1*0009 

33 

604*3 

1*0008 

38 

581*0 

1*0000 

36 

557*2 

1*0012 

40 

604*3 

1*0003 

42 

581*2 

1 *0003 

40 

356 *8 

1*0003 

44 

603*0 

l-OOIO 

44 

.581*0 

1*0000 

42 

557*0 

1*0009 

The 

measurements have l)een 

made at 

three 

difl'ereiit 

concentrations 


II: is found that the value of the susceptibility remains constant for any 
concentration Vvhen the temperature is raised from 28" C. to 44" C. It is 
thus clear that whether water exists as water of crystallisation with sodium 
sulphate or separately, the susce]itibility is the same. 

The results obtained \vith the Curie balance also supports the same 
conclusions. The solid was sealed in a bulb and the deflection was noted. 
The bulb was then heated gently to temperatures above 83" C. and the de- 
flection taken again. A large number of readings were taken. About 
6G to 70 milligrams of the hydrated cr^’^stal gave deflections varying from 8 
to 9 centimetres. Heating to temperatures above 33" C. did not produce 
any change in the deflection and hence in the mass susceptibility of the solid 
wdieii the water of hydration became free and the salt was anhydrous. 
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4, Discussion. 

The molecular susceptibility of a i:olyatoiiiic molecule without a re- 
sultant spin is represented according to Yun Vleck^’ by the expression 




27 L S - I I 

6mc^ \\ hv\n'\n) 


The first term is the well-known term of hangevin while the second is a 
paramagnetic term independent of temperature and is brought about by 
the distortion of the electron system due to interatomic forces such as are 
obtained in diatomic and polyatomic molecules. The substance is diamagne- 
tic or paramagnetic depending on whether the lirst or the second term is 
the greater. The second term is however usually small, although the differ- 
ence between the observed and theoretical values of tlie susceptibility in 
the case of some sulphur compounds has been found to be as much as 30 per 
cent. It is evident from the discussion that the i)aramagnetic term should 
vary with the different linkages in the molecule and an additional linkage 
would mean an increase of this term and hence a decrease in the diiimagnetic 
susceptibility, lii solutions, the ions are not free l)ut attach themselves to 
solvent molecules^** and thus because of the irregular spacing of a liquid, 
sufficient asymmetry is brought about resulting in a distortion of the electron 
system. When a salt is dissolved in a liquid, the binding in the solid state 
is broken off and at the same time new constraints are brought about because 
of the attachment of the solvent molecules to tlie different ions of the salt. 


The change in susceptibility that ought to be expected therefore when a salt 
is dissolved in a liquid is due to the differeiu'e in the paramagnetic term when 
111 the solid state and in solution. The diamagnetic susceptibility in the 
solid state w'ould consecpiently be greater or smaller according as the binding 
in the solid state is smaller or greater than that in solution. Also if new 
linkages are formed ihe sy.stem will be affeeted and the deviation of the 
susceptibility value will indicate in each case the natiiie of the linkages 
involved. 


We can also draw" attention to the fact that hydration of the ions in 
solution would indicate greater constraint on the ion and hence the paramag- 
netic term would become greater resulting in a smaller value for the dia- 
magnetic susceptibility. 

Ill the light of these conclusions, the results for aqueous solutions of 
sulphuric acid, acetic acid and sodium suliihate are (piite interesting. In the 
case of sulphuric acid-watcr mixture, w"e meet with two types of deviations. 


Van Vleck, Theory of lllcctric and Maynctic iiHsccptibility\ p. 275. 
Fajaiis, Trans. Faraday Soc., 1927, 23, 357. 
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At 91 -6 per cent, of the acid, the hydrate 2II2SO4, HjO is formed and it 
gives an increase in the suscei)tibility value ; whereas the other hydrates 
give lower values. It is easy to understand the decrease of diamagnetic 
susceptibility in the case of the higher hydrates ; but the increase in the case of 
2H2SO4, HgO requires some exi^lanation. 

We shall iiow^ show that the considerable deformation produced in the 
804““ ion by the hydrogen cations on combination is somewhat reduced by 
the water molecules and since the ])arainagnetic term in the above equ.ation 
is consequently decreased, the diamagnetic susceptibility shows an increase. 
These assumptions are justified by Raman effect and X-ray data. 

Krishnamurthi^® has studied the effect of the cation on the sulphate 
grouj) and has come to the conclusion that the smaller cations have greater 
deforming powxr. Thus it would appear that H'' would have a large deform- 
ing power bn the anion. That there is con.siderable influence on the Raman 
fre(iuencics of the anion by the cation and that the smaller cations produce 
much larger changes are amply borne out by the investigations of Gerlach 
and Kmbirikos.*'*® 

These conclusions receive additional conlirmation from the study of the 
k absorption edges. Ijndh®^ has shown that the frecpiency of the continuous 
k absorjjtion edge of an element in a compound radical varies w'ith its valency. 
In the case of positive ions like those of chromium, manganese and iron, the 
separation increases with the valency. De Rroglic-® and Idndsay and Voorhes®® 
have also verified these conclusions. In the case of anions, the absorption 
edge shifts towards shorter w^ave-length as their deformations are increased. 
Introduction of a neutral molecule like water between the iiositive 
and negative ions lowers the deformation of the anions on account of increas- 
ed distance and hence the absorption edge is shifted tow^ards longer wave- 
length which indicates that the binding has become more loose. 

In the magnetic case, it has been noted that the term A in the Curic- 
Weiss law, which is ])riniarily due to interatomic forces, is almost zero for 
salts of high magnetic dilution such as MnS()4(NIl4)2S()4d)H20 and 
Fe2(S04)3(Nn4)2S04 -241120. In both cases the term A is nearly zero since 
there are large numbers of ammonia ajid water molecules which lessen the 
interatomic forces considerably.*^ 

1 ® lud. Jour. Pliys., 1930, 513 and 651. 

2 ® Taken from Kohlrausch, Smckal-Raman Effect, p. 204. 

21 Zeits. /. Phys., 1925, 31, 210. 

22 Dc Broglie, X-Rays (Eng. Trans.), p. 75. 

23 Phil. Mag., 1928, 6, 910. 

2'4 Theory of Electric and Magnetic Susceptibilities, p. 304. 
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The case of 2H2SO4, H2O can be considered as another cxanijjle where we 
have a similar dilution effect. The introduction of water inolecalcs loosens 
the bond between the hydrogen ions and the sulphate ion and hence decreases 
the deformation. This is accompanied by an increase in the diamagnetic 
susceptibility. There is considerable evidence, in fact, in favour of the idea 
of the penetration of the proton into the chloride ion in the case of IICl.®® 
vSuch a penetration would cause a general contraction more especially of the 
superficial orbits which contribute the largest share to the diamagnetic 
susceptibility. The loosening of the bond with water would therefi)re mean 
an increase in value. 

As contradistinguished from this effect, we have the formation of the 
other hydrates which result in a decrease in diamagnetism. In these cases 
the water molecules form compounds with the acid and the ilistortion produced 
by them is greater than the loosening effect produced when the water mole- 
cules are first introduced. A reference to l‘ig. 2 also indicates that the law 
of mass action is applicable to the formation of these hydrates. 

In the case of acetic acid-water, a compound is formed and the alteration 
introduced into the electronic system is so small that there is no sensible 
deviation from the additivity law. The break-up of the decahydrate of sodium 
sulphate at temiieratures higlier than 3;rC. is not also accornj)anied by any 
change of susceptibility at any rate to any measurable extent. The nature 
of combination in this case is no doubt very loose for it is well known that 
the sodium sulphate crystals give out their water of crystallisation very easily ; 
on the other hand, sulphuric acid absorbs water vapour very strongly to form 
stable hydrates. 

Attention was drawn to the investigations of Cabrera and I'ahlenbrach 
who studied aijiieons solutions of potassium iodide and observed changes 
in the magnetic susceptibility due to different degrees of hydration, 'fhey 
suggest that there is greater hydration at higlier temperatures and that 
there is an increase of susceptibility corresponding to greater deformation 
of the ion with increasing hydration. One should expect however a decrease 
in hydration with increasing temperature, besides it is (piite unlikely that 
hydration is accompanied by an increase in susceptibility, although in the 
case of 2H2SO4, H2O there is an increase for reasons mentioned earlier in the 
paper. Such an exidanation in the case of potassium iodide and generally 
of strong electrolytes seems to be not justiiiable since we have no reason 
to believe that the dLstortion caused by hydration itself could be less than 
the crystalline forces in the solid. It is to be recalled that sul]'huric acid 


26 Bell, Phil, Mag., 1924, 47, 549, 
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is not as strong an electrolyte as the alkaline halides. The condition for 
electro- valency tending to become covalent is that the anion must be large 
and the cation must be very small. This condition being fulfilled in the 
case of the acid, we ought to expect sulphuric acid to be less electrovalent 
than the salts mentioned. This indeed is the case as evidenced by the com- 
paratively low dissociation factor of the acid. A break-up of the molecule 
therefore causes the removal of a large deformation. 

Hocart®® however records a larger susceptibility for a salt in solution 
than the crystalline state. This dilTcrence has been explained by Weiss as 
being due to deformation in the ion and from the experimental values of 
refractivity a correction has been a])plied. However there seems to be no 
real diflerence between the susceptibility as calculated from the solid state 
and from the state in solution, provided the depolymerisation of water due 
to the introduction of the electrol> te is taken into account. In the case 
of KCl and NaCl for which accurate data are available,-® it is found that 
an increase of 0 *0018 and 0 in the susceptibility of water due to depoly- 
nierisation (on the addition of 22% and 25% of KCl and NaCl respectively) 
would explain the increase observed. When due allowance is made for 
incidental errors, it looks very ])robable that this increase is due to depoly- 
merisation of water which has been am])ly borne out by Raman effect data. 
It may be mentioned here that measurements in solution must be taken at 
different increasing temperatures and that the value of the solution which 
is not altered on increase of temperature, must be used in the calculation 
of ionic values. In that case the value assumed for w’ater must be that in 
the completely dcpolymcri.sed state. Calculations not based on these juinci- 
ples may be in error by as much as 4%. 

It thus looks improbable that in these case., hydration causes any change 
in the susceptibility due to deformation of the ions. The results for sodium 
sul])liate and acetic acid show deliiiitely the comparative iiisensiti\'ity of 
diamagnetism to small changes. It may be therefore concluded that the 
observed clianges of Cabrera and I'ahlciibrach arc to be attributed partly 
to depolymerisation effects of the ions of water. It is interesting to note 
that Taiimiann®’ in a recent communication has drawn attention to the 
changes in ice VI molecule under the altered conditions of internal pressure 
brought about by the salt and the increasing temperature. More data on 
different salts in solution are necessary to decide this important issue. A 
determination of the susceptibility of water at still higher temperatures 

20 Comp, Rend., 1929, 188. 1151. 

2T Zeits. /. Phys„ 1934, 91, 410. 



Injlmwe of Hydrates ott Diamas^nelism of Chemical Compounds 175 

would throw light on the interesting question of the existence of ice VI 
molecule. 

5 . Summary and Conclusions. 

The magnetic suscejjtibilitics of .sulphuric acid-water mixtures have 
been studied at different concentrations. Above «()% of the acid, the suscepti- 
bility values are greater than those given bv the additive law ^^hile below 
80 %, the values are lower than the additive values. ^laxinium deviations 
were observed at coiicenlrations corres])onding to 2II2SO4, HnO ; 

H2O ; H2O4, 3H2O ; 112^^^ ^41 OllgO and TLS()|, 1811 ./). These hydrates 
are also indicated by other phj^sical properties of the mixture. The devia- 
tions have been accounted for as being due to increased deformation of the 
anion in the acid in one case and decreased deformation in the otlier. 

Acetic acid-water mixtures have been investigated at different concen- 
trations. The rcsult.s show tJiat the additive law is obeyed even at c(iui- 
molecular concentration of the components although a compound is formed 
at this composition. 

The decahydrate of sodium .sulidiate has been studied both in the solid 
state by the Curi^‘ method and in solution by the modified Ouincke method 
used for sulphuric acid-water mixtures. When the hydrate was heated to 
more than 33 ® C. (at which temperature the water of crystallisation breaks 
away and tlie crystal becomes anhydrous) no change of magnetic susce[)tibility 
was noted. This suggests that the binding of the water molecules to the 
sulphate is very loose in contradistinction to the case t)f the hydrates of 
sulphuric acid. The theoretical basis for the increase of suscejAibility on 
hydration suggested by Cabrera and h'alilenbrach to explain their results in 
aqueous solutions of ])otassiuin iodide is critically examined and evidence 
is put forward to show that no such changes arc likely to occur. 

I take this opportunity to express my indebtedness to Dr. S. Rama- 
chandra Rao for his keen inten*st and helpful guidance. My thanks arc 
due to Mr. vS. Narayanaswami Ayyar for iiiiich valualffe discussion. 1 thank 
also the authorities of the Annamalai University for the award of a student- 
ship, which has rendered this work possible. 
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1. I have recently proved the 

Theorem.^ If the c*s are not all of one sif^n and if all the ratios 
c 

(s-^t) are irrational, we can find integers iii, • • • , iv [not all zero) snch that 

^ < € 

8—1 I 

where c is an arbitrary positive number and r ^ 9. 

This was deduced from a theorem of Jarnik and Walfisz in the theory 
of lattice points. 

In the same direction we have 


Theorem /. Let Ci, C 2 > 0, 


Vs ' 


irrational, 


(1) .A- = «i + — ^ ^ 

^ C2 a^ T ^3 'I' • • • 


Then, to every positive e, we can find infinitely many pairs of positive integers 
ni and 1 x 2 , such that 

(2) I n^Ci — nrC2 1 < e 

whenever a„ O (1), but not otherwise. 

Theorem 2. If the c*s are not all of one sign, then for ‘ almost all ' sets 
(ci, C 2 ,. . c,) we can find integers iij, . . iv [uot all zero) such that 


E CjW/ 

8-1 


< € 


where e is an arbitrary positive number and r > 2. 
2. Let ^ be the «th convergent to (1). 




Then 


(3) 


tlL _ M 
?n V C2 




^ Jour. London Math. Soc., 1934, 9 , 162-63, 
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Further, (2) requires, 

p'rom (3) and (4) we obtain Theorem 1, since is unbounded. 

To prove Theorem 2, we can assume without loss of generality that 
and C 2 have opposite signs. T^et Ci — > 0, Ci ^ — by. Then bi > 0, 

^2 > 0 . 

We know that if 

^ + A- i 

«2 4- a3 ■ 

where the (Vs are positive integers, then (1,^ O (1) for almost all 0. It 
now follows from Theorem 1 that for almost all {b^, b^) we can find positive 
integers and W 2 such that 

( 5 ) 1 — 62^2* I < € 

where c is an arbitrary positive number. Hence for almost all sets (b^, b^) 
we have from (5), 

(0) I b^n{^ - M 2 " I- ^4*0*-* I h c,.0^ I < f [n„ > 01. 

Hence Theorem 2 follows from (6), as we can take «3 =s • • . =zzn,.-=0. 

If in Theorem 2 we require that the integers w,. • • • , n,. are all different 
from zero, then Theorem 2 is no longer easy to i>rove — there is, however, 
little doubt that the theorem is true even with this restriction. 
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1 . SchalTstein' lias given a list of positive prime discriminants of binary 
quadratic forms whose class-number is 1. His table shows that the 
majority of positive discriminants under 10000 has their class-number 
equal to 1. 

This paper contains a list of positive prime determinants [= 3(4)] of 
binary quadratic forms whose class-number is 2. The table extends to 
positive determinants under 5000, and here again we tind that by far the 
greater majority of determinants considered has the property in question. 

2. To test whether h{d) — 2 where d is a ])ositive prime ■= 3(4) and 
h{d) is the class-number of binary quadratic forms of determinant d, the 
following test, suggested to me by Dr. S. Chowla, was used (the jiroof of the 
* test ’ is implicit in known results) : 

Let d = 3(4), d > 0. Let p denote any prime factor of d -- x® (x < v'd), 
p< \ d. ThcH\\((\) “ 2 // p occurs as a * partial quotient' in the simple 
continued fraction for \ d. 

(1) The following are values of d< 2000 for which h{d.) —2, the 
values of d for which h[d) > 2 are marked with an asterisk : 


7, 11, 19, 23, 31, 43, 17, 59, 07, 71, 79*, 83, 103, 107, 127, 131, 139, 151, 
103, 107, 179, 191, 199, 211, 223*. 227, 239, 251, 203, 271, 283, 307, 311, 331. 
317, 359*, 367, 379, 383, 419, 131, 139*, 443*, 403, 467, 179, 187, 491, 499*. 
503, 523, 517, 563, 571, 587, 599, 607, 019, 031, 043, 647, 059*, 683, 691, 719, 
727*. 739. 743, 751, 787, 811, 823, 827, 839*, 859, 803, 883, 887, 907, 911, 
919, 947, 907, 971, 983, 991. 


1019, 1031, 1039, 1051, 1003. 1087*, 1091*, 1103, 1123, 1151, 1103. 
1171*, 1187, 1223*, 1231, 1259, 1279, 1283, 1291, 1303, 1307, 1319, 1327*. 
1367*, 1399, 1423, 1427, 1439. 1447, 1151, 1459, 1471, 1483, 1487, 1499. 1511, 
1523*, 1531, 1543, 1559, 1507*, 1571, 1579, 1583, 1007, 1619, 1627*, 1663, 
1667, 1699, 1723, 1747, 1759, 1783, 1787*, 1811*, 1823, 1831, 1847*, 1867, 
1871, 1879, 1907*, 1931. 1951, 1979, 1987, 1999. 


^ Math. Amtalettf 1927. 
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(2) The following are the only prime values of s 3(4) for which 
hid) > 2, 2000 <d < 5000 : 

2027, 2099, 2143, 2207, 2251, 2399, 2459, 2467, 2543, 2659, 2711, 2971, 
3023, 3163, 3203, 3251, 3271, 3391, 3719, 3739, 3803, 3967, 4139, 4159, 4271, 
4283, 4591, 4651, 4759. 

3. Of the 335 primes d = 3(4) upto 5000, 284 primes satisfy hid) — 2, 
while 51 do not. 

I am indebted to Dr. S. Chowla under whose guidance I worked. 
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1. A non-trivial solution of the equation 

( 1 ) +X2^ + • • • + X,/ = + ... +yj 

in positive integers is one in which no x is equal to any y and 

{Xi, • • • , x„i, yi, • • • , = 1 . 

When there exists a non-trivial solution of (1) we write 

(2) (m)^ = (ny 

We \xse p = p{k) to denote the least value of n such that (1) has 
a non-trivial solution with m < n, and y — y[k) to denote the least value of 
n such that (1) has an infinity of nou-trivial solutions with m < n. 

We use j(N) for the number of representations of N as a sum of s 
positive kth powers (permutation of the bases not being allowed) and /.,j(N) 
for the number of primitive representations. 

Wright' has shown that 
Theorem 1 . For 3 < k < 9 te’e have y(k) <k. 

Rao* has shown that 

Theorem 2. For 4 < k < 8 have /5(k) < k — ]. 

I prove here that 

(3) iS(‘))<8 

so that we obtain 

Theorem 3. For 3 < k < 9 we have j3(k) < k - 1. 

I also find that 

Theorem 4, (i) (5)’ (5)’ 

(ii) (4)’=. (6)^ 

(hi) (7)» = (7)» 

Of these relations (ii) and (hi) are new, while (i) has also been established by 
Rao in a paper to appear in Mathematische Zeitschrift, 

Journ. London Math. Soc., 1935, 10. 

2 The cases A’=5, 6, 8 in Jouni. London Math. Soc., 1934, 9, 170-71, 172-73 and 
Mathematische Zeitschrift, 1934, 39, 240-43. The case k--? in a paper to appear in Mathe- 
matische Zeitschrift. 
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Further, Wright® has shown that 
Theorem 5. For 3 < k < 9, 

r'/e./t(N) > 2 is true for infinitely many N. 

From Theorem ’4, (i) and (iii) we deduce that 
Theorem 6, For k = 7 and for k ~ 9, 

> 2 is true for infinitely many N. 

2. Our Theorem 2 is a special case of 
Theorem 7. For r = 1, 3, 5, 7, 9 we have 

+ 4;' + 7/- 4. 32/* -I- 33r ^ 44;- _|. 47;' .|. 48^ 

= 14^ + 26'* + 39^ + 42'- + 46'* +19'* 

In particular, we have, 

( 6 )» = ( 8 )« 
so that ^(9) < 8. 

The results of Theorem 4 are special cases of the following : 

(4) !'• + S'- + IS*- + 39'- + 51'- + 59'- 

= 23'- + 33'- + 55'- + 57'- [r = 1. 3. 5, 7J. 

(5) T' + IV + 19'- + 61'- + 69'- + OK + 93'’ 

= K + 1.3'- + 23'- + 55'- + 75'- + 87'' + 9ry [>^ 1, 3, 5, 7, 9J. 

(6) IS*- + 27' + 51'- fik I- 69'- 

= 13'- + 31'- -1- 47'- + 05'- + (57'- [r-= I, 3. 6, 71. 

3. All our results are obtained by " Tarry’s process A complete 
derivation of the results will appear elsewhere. Our method also proves 
Theorem 8. We have )3(17) < 31. 


* Loc. cU. 



A PRACTICAL FINANCIAL TRANSACTION. 


By G. S. Diwan 

AND 

V. V. Narukar. 

Received July 22, 1935. 

A ME.SSENGKR prize of the Institute of Actuaries, lyondon, was awarded 
ill 1933, for the first time, to an Indian, Mr. D. P. Misra,^ for demonstrating 
that multiplicity of the rate of interest is possible for a financial transaction 
and for propounding the need of a criterion by which a unique rate of 
interest may be determined in such cases of ambiguity. It had been taken 
for granted before, presumably without any mathematical proof to support 
it, that a financial transaction admits only one rate of interest ; and hence 
the examples given by Alisra in which two or more rates of interest become 
possible evoked much interest among the leading actuaries of the world. 

A precise definition of a practical financial transaction must first be 
stated as it is intended to treat it here mathematically. The definition 
proposed by us is this : throughout a practical financial transaction, on 
the basis of a uniform rate of interest, the original creditor always remains 
the creditor, and the original debtor always the debtor and that the two arc 
quits only when the transaction conics to an end. This definition is not 
satisfied by the examples of Misra wherein multiplicity arises. 

The definition of a practical financial transaction may now be expressed 
as a set of mathematical conditions. Let a financial transaction start with 
A lending a sum to B on a certain date, say, January 1st, 1935. If A is 
the creditor > 0. Exactly a year from that date A lends another sum 
to B or B returns a sum— to A according as is +ve or — vc. If y% 
is the rate of interest we may denote l+y/lOO by x. According to the 
definition of a practical transaction a^x + > 0 on January 1st, 1936. 

If tfp a; + — 0 the transaction becomes complete and the rate of interest 

is 10® (— uJaQ — 1)%. If the transaction is not complete on January 1st, 
1936, let it be completed exactly n years after the initial payment. If at 
the end of the rt\i year from the beginning A lends a,, to B or B returns 
— Ur to A according as a,, is + ve or — ve, then the following algebraic 
conditions hold good : 

^ Joiinial nf the Institute of Actuaries, Vo\. 64, pp. 71-97. l^ide also Dr. Steffeii.seii's 
paper in the same volume. 
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f„{x) = flpaf" I- -I I- a„ - 0 

fr {x) s aoX>- + atx>-^ + .... + > o, y - 0, 1, . . ., « -1 

It a^ — 0 it means of course that iio payment occurs between the parties at 
the end of the rth year. The uniqueness will be established when we prove 
that if there exists a root of /„{x) = 0, say, .v -- a > I satisfying all the 
conditions (I) then there cannot exist j8 > 1 satisfying f„{x) = 0. This is 
an algebraic problem and we proceed to prove now a slightly more general 
problem ; 

If a > 0 satisfies all the conditions (I) then /„{x) ---0 has no other 
positive root. 

We have 

/'«W -= [/« 1 + */«-2 i- • • • + 1 1 • • • + .. .. (II) 

It is clear from (II) that at x = a f’„{a) is positive. As in (III /VtW. 
f'„-i{x), etc., may also be expre.ssed by similar linitc series. Hence /'„ (a), 
/'„_ 2 (a), etc., arc all positive. It follows therefore that /"„(.»') is-i ve at 
x — a. rroceeding in this manner it becomes clear that • • • 

f"„{a) are all irositivc and that the higher derivatives vanish. Using the 
Taylor polynomial expansion wo lind that f„{x) > 0 for .v > a and that 
= 0 cannot therefore have another root greater than a. 

\Vc can also show that there cannot exist another root p of f„{x) — 0 
such that 0 < jS < a. Tor obviously /o(^) - /o(tt) > 0. Hence af„{a) + «, > 
-b tf, or /,(a) > /,(J9). Since fi(a) d we obtain similarly (a) > P(p). 
Applying this process continuously the conclusion is reached that J„ (n) > f„(P ) . 
But /«(«) — d. Hence p cannot be a root of J„{x) 0. 

It is this algebraic proposition that supjjlies a proof of the niiiqneness 
of the rate of interest in a pnictical linancial transaction. We have consi- 
dered the simple case wiierc payments and returns are made at yearly 
intervals, but a more sophisticated case where i)ayments and returns are 
made at any intervals which however can be expressed by commensurable 
integers reduces to a similar algebraic problem to which the result of the 
general proposition established becomes applicable. 

Incidentally the general algebraic proposition is also valid if some, but 
not all, fr{x) vanish at .v ^ a. The case is certainly trivial where all f,{x) 
vanish at * = a. It is also evident that the root a is not repeated except 
possibly when a = 0. 

When this investigation was being carried out a new theorem in the 
theory of equations occurred to us. In view of the ch)se connection between 
the mathematical arguments of this paper and this theorem it may not be 
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out of place to state and prove it here briefly. Following the notation of 
the paper we state the theorem as follows ; 

If = 0 has p roots each greater than a, then there are at least p 
changes of sign in the series /o{a), /i(a). • • •, / (a) where a > 0. 

Consider {x P) fy{x) = iox P > a. If pr+\(x) = + biX*" + 

-I- 6,.+! we may define pt{x) = b^x^ + b^x^'^ H 6/ for /= 0, r \ 

so that pt[a) = (a — (a) + at, ==/o(a) and pr+i{o) == {a—p)f,(a). 

Now consider the signs in the two series : 

/o(a) A{a) Ma) 

00 W 01 (a) 0/*+i(a). 

The two series begin with the same sign and end with opposite signs. 
Corresponding to a change of sign from //-i{a) to //(a) the sign of pt{a) agrees 
with the latter ; and corresponding to a continuation of sign in the first 
from //_i(a) to //(a) the sign of ^/(a) remains ambiguous. When a zero value 
conies in either series we may take the left hand sign. 

Hence it follows that the 0-series has at least one more change of 
sign than the /-series. If the /-series is perfectly general so also is the 0 
scries, the increase in changes of sign in the latter series being due to the 
fact that pr+\{x) = 0 has one more root {viz., p) exceeding a than f, {x) = 0. 
This completes the proof of the theorem, which may be regarded as a 
generalisation of Descartes' rule of signs. 

Summary. 

A definition of a practical financial transaction is given and it is iiroved 
straight from the definition that a practical transaction admits only one rate 
of interest. The transactions considered by Misra in his paper are thu.s 
shown to be only mathematically possible. Two new algebraic theorems 
are stated and proved. 
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Inirocluction. 

In Tart I of this scric.s/ the /^-(.^-iiicthoxy-iiaphthylj-elntacDiiie aeiil was fotmd 
to be the first ease of a glntaconic arid of tlie /J-ary1 type to lie .se]>arated 
ill j^eoiiietrically isomeric forms, and later on- it was found possible to trans- 
form all the naiihthol substituted jdutaeonie acids info their jjeonielrieal 
isomerides. In a search for more p;lutaconic acids l)eloii.i;ini^ to the /D-aryl 
type exhibiting geometrical isomerism, the autlior happened to I'ondense 
/i-cresol-eUiylether with actdoue-dicarboxylie acid. This condensation, how- 
ever, gave only one form of a /3-(2-el:hoxy-5-niethyl-phenyl)-glutaconic acid 
(I), besides two other new acids melting at ’205' C. aiul 2:1-2 ‘C. These acids 
were found to belong to an entirely new type of compounds which c'ould be 
deriveil from glut.icfinic ac-ids, an<l form the subject of the presemt investigii- 
tioii. 

The ecpiivaleiils and empirical birmul i* of tluse iicids were of a gratle 
differing from the glutacimic acid by about one molecule of /;-cresol-ethyl- 
ether, and this combined wdth their monobasic character, suggested their 
probable formation by interaction of the cresolether with oiu* of the carboxy- 
lic groups of the glntaconic acid fluring the reaction. However, when it 
was attempted to condense the glutacf^nic acitl (1) with /)-cresol-ethyletlier 
in the presence of concentrated sulphnrie acid as in the original reaction, 
no reaction was observed to proceed in the expected nuinner. Siniilai 
condensation products of jilithalic and .succinic acids with aromatic hvflro- 
carbons or phenolic ethers iiave been obtained in fin* past from their 
anhydrides, by the application of hhicdel and Crafts' reaclioii.^ This reaction 

^ OoRte, f^roe. Indian Acad. Sci.. :\. 1934, 1 , 4iS tA). 

“ Gogtc, Proc. Indian Sci. Cnnaress, 1935. Abst. No. 115. 

^ Pcchmann, Per.. 1880. 13 , 1612: Ihirkcr, A.ch. (5) 26, 435. 499; NoiirriMMi. Bcr., 
19 . 2103; Ulliiiaim and vSdimklt. Bcr.. 52. 2098; PKmtk-y, Oardner and Wei/mann, 7. O'.. 
1907 , 1626 . 
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was found unworkable in the present case, in that, the glntaconic anhydride, 
being an unsaturated compound, was itself attacked by aluminium chloride. 
Moreover, zinc chloride or phos])horus pentoxide could not be used here as 
condensing agents, for they transformed the glutaconic acid into its anhydride, 
which prevented further reaction. The desired condensation, however, 
was found to get effected, in the presence of 80% sulphuric acid, appreciable 
quantities of the acids ni.j). 205°C. and 2:i‘2°C. being formed. 

The moiiocarboxylic acid ni.p. "iOo^'C., however, did not absorb any 
bromine from bromine water, did not decolourise alkaline i)ota.ssiuni 
permanganate solution and gave no semicarbazonc, thus indicating an absence 
of any double bond or a kctonic group in itself. 'Phis went against the above 
supi)osition about its formation. When treated with 80% .sul])huric acid 
this inonocarboxylic acid gave the known O-methyl-couniarin-4-acetic acid^ 
(VI), while the action of concentrated sulphuric acid produced together with 
this coumarin acid, a neutral compound m.p. IS rC. with an enqhrical formula 
showing a loss of one molecule of ethyl alcohol during its formation. This 
neutral compound, on boiling with canstic alkalies, went slowly in solution, 
and on subseriuent aeidification produced an acid, which decoin|)osed at 
llOX. and gave hack the neutral conqxmiid. This new acid was also 
extremely unstable giving back the original neutral coin])ouiKl even on 
simple crystallisation ; this suggested an existence of a lactone ring similar 
to that in the couniarins, in the latter. Hydrolysis and siil)se((uent ethylation 
of the neutral compound to prevent this laetone-ring closure, yielded, instead 
of the original monocarboxylie acid m.]). 205^0., a new dicarboxylic acid 
m.p. 219"C. with an emjhrical formula showing an excess of one inolcenle 
of eth}"! alcohol over the inonocarboxylic acid. This iiulicated the presence 
of a lactone ring also in the inonocarboxylic acid m.}). 2or)''C. which was 
proved by its transforiiiation into the dicarboxylic acid m.p. 219'^C. by hydrf*- 
lysis and ethylation. On tlie other hand, the dicarboxylic acid m.p. 2lirC. 
was also found to give, by the action of sulphuric acid, a mixture of the nioiic- 
carboxylic acid m.p. 2()5°C., the neutral eompoiind m.p. 181°C. and the (i- 
methyl-coumarin-‘l-acetie acid (VI). 

It was therefore concluded that the dicarboxylic acid in.]). 21 OX. was 
the primary product of the reaction formed evidently by the addition of one 
molecule of /»-crcsol-ethylether to the />-( 2-ethoxy- 5- iiietliyl-plieiiyl) -gliita- 
conic acid (I) ; the inonocarboxylic acid m.p. 205X. (II) and the neutral 
compound m.p. 184X. (V) being its mono and dilactoncs. vSuch direct 
additions of aromatic hydrocarbons or phenolic ethers to a double bond, 


^ Dey, J.C.S., 1915, 1636. 
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are known to happen in the case of styrols/ and cinuaniic acid.® Thus hero 
the dicarhoxylic acid ni.p. 2I9°C. can be roprescutcd I)y cither of the struc- 
tures (III) and (IV), according to which carbon atom along tlie double bond, 
the nucleus of the phenolic ether is attachetl. The symmetrical structure 
(III) designating the dicarhoxylic acid as iS^'-(22'-dicthoxy-r)r)'-dimcthyl- 
diphenyl)-glutaric acid, is the more i)rol)ahle one, because an acid of the 
structure (IV) would give in addition to the (i-methyl-couniarin-l-ace1ic 
acid (VI), an acid of the formuhe (VII) by the action of sulidniric acid ; no 
such acid was detected. These reactions and all the products could he 

represented as : 

iPonocarboxyrK- add m.|). 232oC. 
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/3-vSubstituted gliitaric esters arc known to condense with oxalic ester, 
but the reaction is more dillicult when there are two methyl groups in the 
i3-position.’ The esters of the present glutaric acid could not be made to 
condense with oxalic ester. Tliis may be due to the fact that there are two 
much heavier phenolic ether groups in the ^-position, which cause a kind of 
steric hindrance as in the case of ,^^-dimethyl-glutaric esters. 


5 Konig, Bcr., 23, 3145; Kramer aiul Spilker. Bcr., 23, 3169, 3269. 
® Libermann and Hartmann, Bcr., 24, 2582; 25, 957. 

^ Dicckeniann, Bcr., 1930, 32 ; Koinppa, Aiinalcu, 368, 126. 
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In the other moiiocarboxylic acid m.p. 23*2"^ C., the absorption of bromine 
from bromine water, the instantaneous decolourisation of alkaline potassium 
permanganate solution, and the easy formation of scmicarbazone indicated 
the existence of unsaturation and a ketone group. This showed that it had 
been formed by the elimination of a molecule of water between one of the 
carboxylic groups of the glutaconic acid (1) and the nuclear hydrogen atom 
of /^-cresol-ethylcther. A similar moiiocarboxylic acid melting at 252"^ C. 
had been obtained previously by the condensation of />-crcsol-mcthylether 
with acetone-dicarboxylic acid.” It has now been found ])ossiblc to synthe- 
sise this also by the condensation of /)“Cresol-niethylether with /?-(2-methoxy- 
5-nieth3d-pheiiyl)-glutaconic acid (VJII) in the presence of 80% sulphuric 
acid. It was observed that no glutaric acid like (III) was formed in either 
of these condensations ; the compound could liowx'ver be synthesised from 
the dilactoiie (V) l)y hydrolysis and methylation. This inonoc 2 irboxylic acid 
m.p. "ITrr C. could be de.signated by either the structure (IX) or (X), depend- 
ing upon which of the carlioxylic groups of the glutaconic acid had taken 
part in the reaction. 

By the action of 80% sulphuric acid, the moiiocarboxylic acid m.p. 
252^^ C. produced an ind one -acetic acid m.p. 218'^ C. by the loss of one mole- 
cule of /)-cresol-niethylether, which was identical with the one described by 
Gogte and bimaye” ; but the a<'tion of concentrated sulphuric acid yielded, 
in addition to the indone-acetic acid, a neutral c()mi)()und m.p. 211’ C. 
by a loss of water caused by tlie internal condensation of tlie carboxylic 
group with the ring. If the structure (IX) be assumed for tlie inonocarboxy * 
lie acid, the iiidone-acetic acid will have the formula (XI) and the neutral 
compound (XIII). Then the decarboxylation product (XII) of the indone- 
acetic acid will not contain a reactive-CiL C' group in the ring, but such 
a grou 2 ) will lie ])resent in I lie neutral compound. If, on the other hand 
the structure (X) represents the moiiocarboxylic acid, the situation wall be 
exactly reversed and thus a decision between tlicse two alternative formula' 
(IX) and (X) can easily be made bv examining whether the decarboxylation 
product of the indone-acetic acid or the neutral compound m.p. 2M''C. 
contains a reactive methylene group by condensing with aromatic aldehydes.''' 
It was observed that the neutral compound m.]). 214'' C. (XIII) easily 
condensed with bcnzaldehyde whereas the decarboxylation product (XIJ) 
remained inert, thus supj)orting the formula (IX) for the monocarboxylic acid 
m.p. 252” C. This structure is further supported by the observation that 

^ Gogte and Limayc, /. Uiih'. Bum., 3, Part II, 135. 

® Compare Kipping, J.C.S., 1894, 65, 492. 
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the esters of the tnoiiocarboxylic acid also contained no reactive- CHj-CO- 
group condensing with benzaldchyde, as would be the ease if formula (X) 
were correct. In the formula (IX), the carboxylic group of the glutaconic 
acid is represented as attached at the ortho-])osition to the methoxy group 
of the />-cresol-methylether, as this is the only reactive position in the 
nucleus. The monocarboxylic acid m.p. ‘i.l-i" C. can therefore be dcsignatinl 
as 2-2'-dimcthoxy-5-.'j'-dimethyl ehalkonc-a-acctic acid, and the iiulone- 
acetic acid as 7-methoxy-4-nicthyl-:Mcelo-indene-acelic acid. The fact that 
in the formation of these acids, the carboxvlic groii]) of the glutaconic ac id 
(VITI) situated at the end of a conjugated system of double bonds, has 
taken part in the reactions, is in harmony with its increased reactiv ity. These 
reactions and the abovc-iiientioned products are representcHl as : 




.AcV 




'(:n..-cc)c)ii 






\/ 

C-tf;, (IX) 


\/ \/ 

< 11 ,. 



Tlie corresponding monocarboxylic acid m.p. 232'' C. obtained in the con- 
densation of />-cresol-ethylcther, gave by the action of sulphuric acid, an 
indone-acctic acid m.p. 2I(5'’C. and a neutral coinponnd m.p. Ifih ’C. This 
indoiic-acctic acid could not however be obtained from the ]8-(2-ethoxy-5- 
methyl-phenyl)-glutaconic acid (I) by the action of snlidiuric acid, the 6- 
mcthvl-couniariu-l-acetic acid being the sole product in this case. 

('onchision. 

Pechmann’s condensation consists primarily in the elimination of a 
molecule of water lietween the cnolic hydroxylic group of the ^-ketouic 
ester and the mxclear hydrogen atom of the phenol, whereas in the Simonis’ 
reaction, it is the carboxylic group of the ^-ketonic ester ♦hat eliminates 
water with the latter. In the present condensations of /)-cresol-methyl and 
ethvl-ethers with acctone-dicarboxylic acid, both these reactions apjrarently 
happen simultaneously to produce the chalkonc-acetic acids, and thus they 
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can be looked upon as a combination of Pechmann's and Simonis' reactions. 
Similarly the glutaric acid condensation can be called a combination of 
Pechmann's and Kramer’s reaction. 

The j8-(2-methoxy-5-niethyl-j)henyl)-ghitaconic acid (VIII) by the 
action of sulphuric acid, produces the ind one-acetic acid (XI) as well as 
the 6-methyl-coumarin-4-acctic acid (VI), whereas the j3-(2-ethoxy-5-methyl- 
phenyl)-glutaconic acid (I) gives only the latter coumarin acid, no trace of 
any indone-acid being obtained. The chalkoiie-acetic acids m.p. 252° C. 
and 2152" C. (IX) on the other hand, give only the indoiie-acids (XI) under 
these circumstances, and not even a trace of the coumarin acid. It thus 
appears that in the j3-(2-cthoxy-5-methyl-phcnyl)-ghitaconic acid (I) and in 
both the chalkone-acetic acids, there is a restricted rotation round the bond 
joining the jS-carbon atom of the glutaconic acid to the jdienolic ether 
(shown in thick line). Consequently the j8-(2-ethoxy-r)-methyl-phenyl)- 
glutaconic acid can be represented only by the formula (XIV) and the chalkone- 
acetic acid by (XVI). Thus it must be presumed that in the condensation 
of this glutaconic acid with /)-cTesol-ethylether, the formation of the chalkone- 
acetic acid has been preceded by the change of the glutaconic acid from the 
structure (XIV) to (XV) which alone is capable of i)roducing the indone-acid. 


iiooc-cii cir-cuoii 
\/ 



ni. 

llOOC-CIIa CH-COOII ITGOOCFf., CH-CO ^ \ 

Y \/ ^ 

RO.'^N U()/^ 

\/ (XV) \/ (XVI) 

;K = OC 1 I .1 or ((CvIl.,) 


This great diiTerence in the resulling condensation products, caused by th*j 
mere replacement of the methoxy group in the ^-cresol-methyl- ether by 
ethoxy group, is .striking. 

Experimenial. 


Condensation of i^cresol-ethylether with acetone-dicarboxylic acid.— Qxirk 
acid (200 g.) was finely powdered and covered with concentrated sulphuric 
acid (240 c.c.). The mixture was shaken well and fuming sulphuric acid 
(20 per cent. SO3 ; 80 c.c.) was gradually added. Immediately a vigorous 
reaction commenced with frothing and evolution of carbon monoxide, which 
was completed by heating on a water-bath at ()0°C. with shaking at intervals, 
till a clear orange solution was obtained. It was cooled in a freezing mix- 
ture to a temperature of about 2-3°C. and ^-cresol-ethylether (65 c.c.) 
was gradually added with shaking. After keeping at this temperature 
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for 3i hours, the reaction mixture was poured on 1000 g. of cracked icc, 
when the sticky mass thus separated turned into a brittle cake on keeping 
overnight. This was fdtered, dissolved in dilute sodium carbonate solution, 
this solution washed with ether to remove any unchanged />-cresol-ethyl- 
cther and other neutral iiiiimrilies and acidified. The semisolid mixture of acids 
thus obtained became granular on rubbing and kee[)iiig overnight with water. 
Yield 47 g. 

B’’(2~efhL)xy-r)-inethyl-l)henyl)-s!ilnU{C()ntc iiciJ . — The above mixture of 
acids was treated with 4 litres of boiling water and filtered, w’lieii the 
filtrates on cooling deposited crystals of the gliitaconic acid. It was recrystal- 
lised from water as colourless short rods m.p. IhlV C. (dccomp.). On treating 
with concentrated sulphuric acid at 00 ’ C., or 80% sulphuric acid overnight, 
it gave only the O-niethyl-coumarin-i-acetic acid m.]). 180 " C. (decomp.) 
(Kouiid: Eq:^:.i:V 2 ; C f)3*ll% ; II reciuires Kq -J:V2; 

C -G3-6% ; H -()•()()%). 

The hydroxy-anhydride crystallised in colourless needles from benzene, 
ni.p. ir2''C. It titrates as a monobasic acid and gives idienolic colouration 
with ferric chloride in cold alcoholic S(/lution (hound : iCq -213 ; C--() 8 -ir)% ; 
H 5.0%; Ci,TIi 404 requires Kq - 210 ; C 08.20%; 11-5.00%). 

The semianilide, prcfiared from the hydroxy anhydride and aniline in 
benzene solution, crystallised from 00 % aijiieons methyl alcohol in hexagonal 
plates 111 .]). ]30"C. It decomposed after loO' C. tein])eralurc to give the 
anil described below (Found: C--70.5% ; II- -0.1%, C.joHj;i 04 N requires 
C -70-8% ; II--().10%). 

The hydroxy-anil crystallised from 80% alcohol in ^^ellowish silky needles 
m.p. 1G3"C. (hound: C--74.5%; lf-5-80«;,; ColIioGyN requires 

C -74.70% ;H-:-5.1Mh;o). 

The monolaclone of pp’-[22'-dicthoxy-r)b'-dimethyl-diphcnyl)-d^^^ acid, 
— The water insoluble residue in the above (about 15 g.), rjii crystallisation 
from alcohol, melted between IDO 200‘ C. This was esterified by alcohol 
and .sul])huric acid and the resulting mixed esters were, by fractional 
cry.stallisatioij from 80% methyl alcohol, se])arated into two fractions, the 
more insoluble one melting at 124X., and the other at II 0-1 15 C. Hydro- 
lysis of the former gave the iiionolactonic acid which crystallised from alcohol 
in stout colourless needles, m.p. 205 C. yield 8 g. Ihe acid titrated as 
monobasic acid and gave an insoluble barium salt in the cold. Ihc acid 
was soluble in alcohol, acetic acid, acetone, and insoluble in water, benzene, 
petrol or chloroform (l\)und : liq--35() ; C -71.00% ; H— (>.12% , C 21 H 32 O 5 
requires Eq-354 ; C- 71 -2% ; H-G.2%). 
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The ethyl-ester crystallised from metlijd alcohol in colourless hexagonal 
rods iii.p. 12rC. (Found: C-72-l%; 11-0.72%; requires 

C^^-72.2r>%; H- ^0.S%). 


The "I'l'-dielhoxy-^iW-dimethyl-chalkone-a-acetic acid . — The more soluble 
fraction of the mixed ethyl esters melting between 110-115*^0., was hydro- 
l 3 \sed by alcoholic potash, and the resulting inixtiire of acids melting between 
11)5 2l5'’C., was dissolved in hot 15% sodium Iwdroxide solution. On 
cooling the solution gradually, colourless shining leailets of a sodium salt 
separated, uhich wen^ collected at the ])nnip ntidcr strong suction, washed 
witli small amounts of 10 % sodium carlKiiiate solution, and acidified in cold 
hy hydrochloric acid. M'he acid coming out as a line ])rccipitate was filtered 
and crystallised from a large amount of alcohol in coloutless rectangular 
])latcs in.]). 2)12“ C. ^deld 2 g. Tlie acid is soluble in acetone, sparingh'^ 
so in alcohol and acetic acid, and insoluble in other organic solvents. It 
gave an insohdile barium salt in the cold. Its solution in alkali instanta- 
neously decolourised potassium ]XTmanganate solution. Its esters did not 
condense with aromatic aldehydes (h'ound : C 72 •()()%; II--fi. 7 % ; 

Ba -11.70%; re(iuircs 0-72*25%; II - (5.8%; ( 003112505 ) .,11 a 

retpiires Ha — 1 5 -25%). 


The ethyl-ester j)repared by alcohol and sulphuric acid, cry.stallised from 
80% methyl alcohol in colourle.ss parallelogram ic j)]atcs, 111 .]). 15)^ 0. (I'ound : 
0 - 72 . 9 ^ 0 ; n - 7 . 21 %; 0 ., 5113 /k requires 0 7)1.2%; 11-7.52%). 

Seiniciirhdznne was ])re])ared by relluxing the acid with .semicarbazide 
hydrochloride and sodium acetate in alcoholic solution for 5 hours. t)n 
cooling, the seniicarbazoiie separated and when recrystallised from alcohol 
melted at 2(51“ 0. (decoiiij).) (Found; 0 (55.5%; 11— (5*.4%, ; C 24 H 2 .AN 3 

requires 0 05.(5%; n-:0 0 %). 


Semiccirhazone of the ethyl ester was obtained by refluxing the reactants 
in alcoholic solution for 7 hours. It crystallised from alcohol in needles 
m.p. 1 7 1 “ C. (deconip.) (l«ound : C - (5(5 * 0 % ; 11 -85% ; - CgoHaaOsNa 
requires C -00 * 8 % ; H -7 ‘00%). 

Condensation of p-('2-eihoxy-r}-methyl-phenyl)-glnlaconic acid with \^-cresol- 
ethylether. TUq recrystalli.sed glutaconic acid (10 g.) was finely powdered 
and dissolved in ])reviously ice-cooled 80% dilute stdphuric acid — 1 vol. 
water : 4 vol. sulphuric acid — (50 c.c.). The ^-crcsol-ethylether (20 e.c.) 
was then added gradually with shaking at intervals. On continuing the 
shaking until the two layers disajqjeared — about 2 hours — the clear orange 
solution was allowed to stand at the room temijeraturc for 20 hours. This 
reaction mixture was then poured on 200 g. of crushed ice, when a sticky 
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mass separated which became gramilar on keeping overnight. It was 
filtered, taken up in dilute sodium carbonate, the solution filtered, washed 
with ether to remove the excess of /)-cres()l-ethyl ether, and acidiiicd by 
hydrochloric acid. The mixed acids were filtered and treated with 400 c.c. 
of boiling 10% aipieous acetic acid, then with 100 c.c. of boiling water, 
filtered, and dried. Yield of mixed acids 3-5g. This was estcrified by alcohol 
and siilidiuric acid, and separated into the nionolactonic acid in.]). 205“ C. 
yield 2g., and the chalkonc-acetic acid in.]). 232“ C. yield 1 g. ; exactly 
as above. The acetic acid filtrate on cooling gav e the (J-niethyl-coumarin- 
4-acetic acid. 

Action of 80% sulphuric acid on 2'l'HUelhoxy-l)V-dimethyl'diphenyU 
chalkone-a-acetic acid : Formation of l-ethoxyA-mclhyl-^ kcto-^indone-acctic 
acid. — The chalkone-acetic acid (2 -Tig.) was finely powdered and dissolved 
in 80% sulphuric acid by rubbing and wanning a little. The red fluorescent 
solution on keeping over-night at the room temperature was iioured in w^ater, 
the ])recipitate taken u]) in dilute s^xlium carbonate, filtered and acidified. 
The acid was crystallised from alcohol in short yellow needles ni.p. 210“ C. 
(deconip.) ; yield I g. The acid is s])aringly soluble in alcohol and acetic 
acid and insoluble in water, benzene, petrol or chloroform. It titrates as 
a monobasic acid and gives intensely coloured solutions with caustic alkalies. 
This indone acid could not be obtained from the ^-(2-etlioxy-5-niethyl-])henyl)- 
glutaconic acid (Found: C -^-58-21%; H- 5.05%; Ci4nn()4 re(|nires 
0- 08-3%; H- 5-7%). 

The ethyl-ester prepared from the acid by alcohol and .sulfihuric acid 
crystallised from S{)% alcohol as yellow^ ilat needles m.p. 109“ 0. (h'ound : 
0-09-8%; II---0.45%; requires 0 -70-0%; H 0-57%). 

The semicarbazone was obtained by refluxing the reactants in alcoholic 
solution for 2 hours. J^ight needles m.]). 2I7“0. (deconip.) (I'ound : 
0---59.23%; H-5.47%; requires 0 59-1%; 11-5-0%). 

The semicarbazone of the ethyl ester crystallised from alcohol in yellow 
needles ni.j). 208“O. (decomp.) (Found: 0 -01-51%; IT— 0-25%; 
O17II21O4N3 requires 0—01-03%; H--0-34%). 

The neutral compound from the above chalkone-acetic acid. — This was 
obtained by treating the chalkone-acetic acid ni.i). 232“ (2 g.) with con- 
centrated sulphuric acid (10 c.c.) at a temperature of 00“ 0. for I hour. The 
precipitate obtained on pouring the resulting fluorescent sclution in water 
gradually became granular on keeping for few hours. It was filtered, treated 
with dilute sodium carbonate solution, and the insoluble iiortion was crystal- 
lised from methyl alcohol in rectangular plates m.p. 105° 0. yield l'5g. 
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(Found: C~75*5%; H— C*46%; C23H24O4 requires 0—75*8%; H=: 
6 * 6 %). 

The semicarbazone was obtained by refluxing the neutral compound 
in alcoholic solution with the reagents for 3 hours, and crystallised from 
alcohol in parallelogramic plates mq). 245° C. (decomp.) (Found : C —63 *2%,; 
H_.=6-3%; monosemicarbazone C24H27O4N3 requires C^--C8-4% ; H— 6*4%; 
discmicarbazone C25H3o04Ne requires C=G2-76%; H^ =6-28%). 

Action of sulphuric acid on the monolactonic acid m,p. 205° C. : Formation 
of the dilactone of Pp'-('2'2'-diclhoxy-rhV-dimethyl-diphenyl)-glutaric acid. — The 
recrystallised monolactonic acid (5g.) w’as dissolved in concentrated sul- 
phuric acid (20 c.c.) and the solution heated at a temperature of 60° C. for 
one hour. On pouring in 100 c.c. of ice water and keeping overnight, the 
cry.stalline precipitate which separated was filtered and treated with boiling 
dilute sodium carbonate. The sodium carbonate filtrates on acidification 
gave the 6-methyl-coumarin-4-acetic acid (yield I g.) m.p. 180°C. (decomp.). 
The neutral dilactone insoluble in sodium carbonate W'as washed with water 
and crystallised from 100 c.c. methyl alcohol in colourless pyramids m.p. 
184° C. (yield 3 g.) (Found: 0-73*90%; 11-5*11%; requires 

C— 74*00% ; H— 5*2%). Action of 80% sulphuric acid on the monolactonic 
acid overnight produced only the G-methyl-coumarin-4-acetic acid, and no 
neutral dilactone. The dilactone slowly went in solution in boiling caustic 
alkalies, which on acidification carefully after cooling in ice gave an acid, 
which decom])oscd at 110° C. and inoduced the original dilaclone. This ac'id 
gave intense phenolic colouration with ferric chloride in cold alcoholic solution 
which disappeared on warming. All the attempts to purify this acid were 
rendered futile, each time the dilactone being the resulting product. 

Hydrolysis and ethylation of the dilactone m.p. 184° C.: Formation of 
PP*-{22'-diethoxy-^y-dimcthyl-di phenyl)-glutaric acid. — The neutral dilactone 
(l*5g.) was finely powdered and refluxed with (30 c.c.) of 25% sodium 
hydroxide solution, when it gradually dissolved. The pale yellow solution 
was filtered and heated on a small flame just to boiling, while freshly distilled 
diethyl-sulphate (G c.c.) was gradually run in during about 20 minutes ; 
shaking the reaction mixture at frequent intervals. The resulting liquid 
was refluxed for 15 minutes, wdien the diethyl ester of the glutaric acid 
separated as a yellow oil, which solidified to a colourless crystalline mass 
on cooling to the room temperature. It was filtered, dried in a vacuum 
over calcium chloride, and crystallised from methyl alcohol, obtaining thus 
(l-2g.) of colourless parallelogramic plates m.p. 82° C. Hydrolysis of the 
diethyl ester with alcoholic potash furnished the glutaric acid which crys- 
tallised from alcohol in colourless parallelogramic plates, m.p. 219° C. 
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^decomp.). Some more of tlie ghitaric acid was obtained by cooling the 
above alkali filtrates in ice, when its sodium salt sciiaratcd as colourless silky 
needles. These were filtered, treated with boiling dilute hydrochloric acid 
for a while, again filtered, washed with water, and taken up in dilute sodium 
carbonate solution. Any undissolvcd neutral product was filtered out and 
the solution acidified, thus giving (O-bg.) more of the ghitaric acid. The 
glutaric acid is soluble in acetone and acetic acid, sparingly so in alcohol 
or ethyl acetate and insoluble in water, petrol, or benzene. It gave an in- 
soluble barium salt in cold (I'ound : C -<)8-!)2% ; II Ivq - 2(H ; 

C2sHa«08 requires C :l59-00%; H -=7 -0(1% ; 1.;,^ 20(1. Vound : Ha = 

25-2%: Cg.,,H,gOaKa requires Ba --2.') •(}%). 

The glutaric acid, by warming with concentrated sulphuric acid, gave 
a mixture mainly of the dilactone m.p. 1<SI“ C. and O-methyl-coumarin-4-acelic 
acid, with a small amount of the monolactonic acid m.p. 20.')’ C. Similarly 
the monolactonic acid (2 g.) by hydrolysis and ethylation with 2r)"4 sorlium 
hyilroxidc (25 c.c.) and diethyl sulphate (5 c.c.) gave the glutaric m.'id m.p. 
2I9°C. (deconip.). 

The diethyl ester could also be i)rcpared from the glutaric acid by alcohol 
and sulphuric acid (Kound : C ^70-8% ; II -7 ; CajIIajOg reepnres 

C -71 •()()%; II ::.:7-90%). 

The dinieihyl ester crystallised from methyl alcohol in colourless flat 
needles, m.p. 105" C. (I'ound : C-69-90% ; II 7 rwpures 
C-70-10%; H--7-t7%). 

Unlike the glutaconic acids, these glutaric esters do not condense with 
aromatic aldeh 5 'des. On condensing the dimethyl ester ( I mol.) with dimethyl 
oxalate (3 mols.) in the presence of sodium methoxide, according to 
•nicckemann’s method,’ most of it was recovered unchanged. Very small 
amount of a substance melting above 1(50" C. was however obtained as a 
more soluble fraction, which on further e.xamination a])peared to be a com])lex 
mixture. 

The anhydride was prepared from the glutaric acid by the action of acetic 
anhydride or by thermal decompo.sition at 220 ' C. tcnqieraturc. It cry.stal- 
lised from benzene in colourless flat r<xls, m.p. 189’C. It is insoluble even 
in caustic alkalies, and does not give any colouration with ferric chloride in 
cold alcoholic solution: (Found: C--72*08%; 11—0.73%; CjjIl^oOj 

requires C-72-25%; H-fi-8%). 

The acid-anilide of the glutaric acid was prejiared from the above an- 
hydride and aniline in benzene solution, and crystallised from 80% alcohol 
in colourless silky needles m.p. 193"C. (dec'omp.) (Found: C=73-00%; 
H=6-7%: C*,H«,OsN requires C -73 -24%; Il--G.9%). 
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The anil is formed by the action of aniline on the gliitaric acid at a tem- 
perature of 220 ° C. or by the decomposition of the above acid anilide at its 
melting point. It was crystallised from alcohol in colourless rectangular 
prisms m.p. 21(5° C. It is insoluble in even boiling caustic alkalies and does 
not give any colouration with ferric chloride (I'ouiid : C- 75*91%; 
IT .-=0.02%; CagllsiO^N requires C -70 *15% ; H-6.78%). 

^fi*-{^l"l'-dimcth()xy-lyly'-dimcthyl-diphenyl)-glutaric acid. — This dimethoxy 
acid corresponding to the diethoxy, could not be had either in the condensa- 
tion of /)-c resol- methylcther with acetonc-dicarboxylic acid, or by condensing 
the j3-(2-niethoxy-5-methyl-phenyl)-glutaconic acid with />-crcsol-nicthyl- 
etlicr (sec below). This glutaric acid was however prepared from the above 
dilactone m.p. 181°C. by hydrolysis and methylation. The coni])onnd 
crystallised from alcohol in colourless rectangular prisms, m.p. 192° C. 
(decoiii]).). It gave an insoluble barium salt in cold (Found: C (57 *(52%; 
II -0 *38% ; Jvi- - 188 ; C2iH240« requires C -(57 *74% ; II - (5 -45% ; 

Kq. 'ISl)). 

Condensation of p-cyesol-mctkylether with acetone-dicarhoxylic acid (ini- 
])roved method). — Finely powdered citric acid (200 g.) was mixed with con- 
centrated sulphuric acid (200 c.c.) and fuming sulphuric acid ( 20 % SO 3 , 
120 c.c.) was later added. The mixture was shaken well and heated on a 
water bath at (50° C. temperature till the evolution of carbon monoxide stf)p])cd 
and a clear orange solution was obtained. This was cooled in a freezing 
mixture, /)-crcsol-nicthylcther (80 c.c.) gradually added with shaking and 
the reaction mixture, on standing for 3 hours, poured over 800 g. of crushed 
ice. The thus separated sticky solid became crystalline on keeping over- 
night, was then liltcrcd, and treated with dilute sodium carbonate solution 
to remove any unchanged /)-crosol-mothylelher when on acidification 52 g. 
of mixed acids were obtained. This was treated with boiling 10% acetic 
acid (1 000 c.c.) and liltcred, when the liltrate on cooling rlej)osited crystals 
of the j8-(2'methoxy-5-methyl-jjhenyl)-glutaconic acid. The glutaconic acid 
crystallised from water in colourless rectangular plates iii.j). 1(57° C. (dccomp.). 
Oogte and bimaye* give the m.p. l()9° C. (decomp.). 

^I'l* -dirndhoxy-^^^} -d imethyl-chalkone-a-acetic acid. — The portion insoluble 
in acetic acid in above, was crystallised from alcohol. This was di.ssolved 
in least amount of boiling 10 % sodium carbonate solution, which on cooling 
deposited the sodium salt of the chalkone-acetic acid as colourless leaflets. 
These were collected at the pump under strong suction, acidified with hydro- 
chloric acid, and the chalkone-acetic acid thus obtained was recrystallised 
from alcohol in colourless parallelograinic plates, m.p. 252° C. yield 12 g. 
The acid is a remarkably stable compound being unchanged even on fusion 
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with solid potash. It is soluble in acetone, sj)arinp;ly so in acetic acid or 
alcohol, and insoluble in other organic solvents. It gave an insoluble barium 
salt in cold. Its ethyl ester did not condense with aromatic aldehydes 
(Found: C--7l*()()%; 11=6*1:^%; Kq. IMH ; C,H.« 05 requires C^- 71'2%; 
11—0*2%; Fq. — 354. Found: Ba=^l5*0% ; (C 2 in 2 i 05 ) 2 Ha requires 

Ba-16*25%). 

*The ethyl-ester crystallised from 70% methyl alcohol in parallel ogramic 
plates m.p. 122°C. (Found: C=72*l%; ir.-r>*7%; CaaHaA requires 
0^^72*24%; H-0.8%). 

*The semicarbazone was obtained by refluxing the alcoholic solution of the 
chalkone-acetic acid with semicarbazidc hydrochloride and sodium acetate 
for 4 hours. When recrystallised from alcohol, it melted at 277"' C. (dccoiii]).J 
(Found: C-64.00%; 11 = 5*92%; requires C=CI*24%; H = 

0.087J. 

*The semicarhazonc of the ethyl-ester crystallised from alcohol in colourless 
needles m.p. 219"' C. (decomp.) (h'ound : C -- 05*38%; IJr 0-44%; 
CaJiaoOsNa requires 0-05-0% ; 11 = 0*0%). 

Synthesis of the chalkone-acctic acid m.p. 252' C. from p-{2-mctlwxy- 
T)-methyl‘phenyl)-}^lntaconic acid and \)-cresol-mLihylclhcr.— ']L\\{} glutaconic 
acid (5 g.) was iinely i)owdered and dissolved in previously ice-cooled d.ilutc — 
4 vols. acid: 1 vol. water- -sulphuric acid (40c.c.). /)-crcsol-methyletlier 
(KU'.c.) was then gradually added with shaking and the whole allowed to 
stand overnight at the room temperature. On pouring the reaction mixture 
on lOOg. of powdered ice, a i)artly sticky iiiass, becoming granular on kcc])- 
iiig for few hours, separated. It was liltcrcd, wa.slitd, treated witli 
lOOc.c. of boiling Ifl'Jo aqueous acetic acid, and filtered. The chalkone- 
acctic acid insoluble in acetic acid, \\as purilied as above. Yield 1 *5 g. The 
acetic acid filtrates on cooling gave the ()-methyl-coumariii-4-acetic acid. 

Action of sulphuric acid on the chalkone-acctic acid m.p. 252' C.—On keep- 
ing a solution of the chalkoiie- acetic acid (2 g.) in 8d% sulidiuric acid (15 c.c.) 
overnight at room temperature, the imlone-acctic acid (1*1 g.) melting at 
2I8‘' C. (dccoiii]).), was obtained, and was found identical with that described 
i)y Gogte and Idmaye.^ Action of concentrated sulphuric acid (10 c.c.) 
oil the glutaconic acid (2 g.) at (Hf C. for I liour, gave on pouring the reaction 
mixture in wjiter and filtering, 1*4 g. of a j)reci 2 )itate. It was washed with 
boiling water, treated with boiling dilute sodium carbonate solution and 

* These three compounds had been described in the M.Sc. Thesis of the author, but 
the melting points of the latter two were given as 272'^C., and 212 °C., and their method 
of preparation was also different. 
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separated into O-G g. of the above indoiie-acetic acid and 0-8 g. of a neutral 
coin])ound. This was recrystalliscd from 40c.c. of alcohol in parallelogramic 
plates m.p. 21 4‘’C. (I'ound : C~74-87% ; H - .-5-82%; requires 

C -75 .00% ; II - 5 .95%). 

The semicarhazone of the neutral melted at 203® C. (decomp.) (round : 
C^OI .05% ; H— 5*0% ; disemicarbazoiie, requires C =-- 01 .30% ; 

H-^ 5 . 78 %; monoseniicarbazoiic C 22 n 23 G 4 N 3 requires 0^07-17%; H — 
5.85%). 

Benzylidene derivative of the neutral . — The neutral compound was dis- 
solved ill alcoliol and refluxed with benzaldehyde and alcoholic potash for 
one hour. Alcohol was cvajioratcd, the residue rubbed with water to remove 
the alkali, and the uiireactcd benzaldehyde removed with steam. On crystal- 
lisation from alcohol the benzylidene comjxmnd melted at 174° C. (round: 
C -78.7% ; .TI:r 5 . 41 % ; requires C-79.24% ; 11^^5.00%). 

The ethyl-ester of the above chalkone-acetic acid ni.j^. 252° C., when 
treated with concentrated sulphuric acid at 50-00° C. ])roduced the ethyl 
ester m.p. 158°C . of the above ind one-acetic acid 111 .]). 218° C., mainly and 
a small amount of the ind one-acetic acid itself, but the above neutral 
compound m.p. 214° C. could not be detected. Concentrated nitric acid at 
room temperature transformed the chalkone-acetic acid into the indone-acetic 
acid, and hence its oxidation with nitrite acid yielded the iflithalic anhydride 
m.p. 180° C. identical with that obtained by bimayc and Oogte” (Bef. M.v^c. 
Thesis of the author). 

The author wishes to thank Dr. P. C. (lulia, l).vSi\, for the encourage- 
ment he has given and the facilities provided in carrying out the ])resent 
investigation ; and also to Prof. 1). P. I^imaye, Poona, for the helpful sug- 
gestions he gave during the j)rogre.ss of tin’s wcik, as well as Part I of this 
series. 

Notk : — Witli regard to Part I of this senes (This Journal Vol. T, No. 1, 
pp. 48-00) the author wi.shes to state the following : — The words “while work- 
ing at the Raiiadc Institute for. In’s M.Sc. Thesis” should be in.scrted after 
the sentence "in extending bimaye and Phave’s method" (p. 48, line 2 
from bottom). The new method of synthesis of jS-aryl glutaconic acids 
described therein, was dis(.(AX'red in the case of the glutaconic acids from p- 
and w-cresol-methylctlicrs, during the last term of the stay of the author 
at the Ranade Institute, I*oona, and the extension of this new method of 
synthesis to the glutaconic acids of the naphthol series, was carried out at 
the Indian Institute of Science, Bangalore. 
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(Cumtnuiiicatcd by Dr. S. Chow la.) 

§ 1 . In this paper, I prove two generalisations of Wilson’s Theorem 
and some potency properties of G (/>" -1, r). I make a free use of the 
results proved in an earlier paper.® (t (w, r) denotes the .sum of the 
products of the first n natural numbers taken r at a time. I denote 
by G (fl, r) the sum of the products taken at a time of all numbers less 

a< ■// 

than and prime to w. p stands in general for an odd prime unless stated 
otherwise. 

§2. Theorem. G [np—\, m [p — 1)J s (— 1.)'" (mod. />). 

I have shown® that 

0 (/) +y, r) = G (;, r) (mod. p) ; 2 ; . . . . (3-3)^ 

and - G (;, r) — 0 {j, r—p i 1) (mod. p) ; r : p 1 . .. (3-31)^ 

Applying these reductions h times, we get 

G [«/.-!, «i -£[ (-1)' (I) « {(»<-*) («»-0 (/>-!))] 

(mod. p). 

I^et U = n— I, then 

G[w/)-^l,w(/^-l)J = (-^l)'«-i ("'')g (/>-l./^-- l) + (-l)"* 

\w-l/ 

0 (/>- 1. 0) (mod. p). 

=- (— (mod. p), since® G {/>-!, />— 1) 

^ — 1 (mod. p). 

In fact, if r 5 ^ 0 (mod. p—l), 
then G {np—l, r) s o (mod. p). 

For, let rms (mod. 1), 1 < s <p—2. 
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Then reducing (»— 1) times as before, we get 

G («/> — !, r) = ( — 1)'" ^ ^ G {p—1, s) (mod. p), where m = 

= 0 (mod. p), since* G {p—l, s) - 0 (mod. ;>). 

In particular G (p"— 1, r) = 0 (mod. p), except when r=0 or p {p"). 

§3. Theorem. G [/>“-!, p (/>")] = ± 1 (mod. />«), u > l.p > 2. 

It is easily shown that 

G[yi"-1, fli(/)")| = G [a,p{p-)\ 2 {/)''G (/>"-*- l.r). 

«<•/>« r=i 

G [a.<l>{p«)-r]}. 
«<•/>" 

when p 3, we have** 0 (/>"“*- !, r) - 0 (mod. />"). 

Hence, 0 [/>" — U <^ (^")] = (^) — I (mod. ^V'), /> > 3, 

fi < • 

when /> — 2, and « = 1, 2 ; 0 [/>" — 1, ^ (P^*)] ^ — 1 (mod. />"), 
when /> — 2, and « ^ 3, 

/)'* G (/>""^'-l, y) = 0 (mod. — 1,2; 

() (mod. /)"), y :> 3. 

[ (A (/)"]! 

(mod. 2), 

- 0 (mod. 2), since u 3, r =: I, 2. 

Hence G [/>" - i, 6 (/>")] II (a) . 1 (mod. /*"), /; = 2, u - 3. 

< -/i" 


Thus G l/>"-- 1, (/>")] ^ (<0» P ‘ ' I ; (mod. /)''). 

In general G (/>"—!, z') - G {a, r) (mod. />") /> : ■ 3; 

rt< ./V" 

and (f (f«, r) (mod. /^""*), p— 2, 

a < • 

In particular when r > p (/>"), 

G (/>"— 1, r) =-■. 0 (mod. /> > 2. 

§4. Ivct CD {r) denote the /(-potency ofG (/>“— 1, r), p>Z, r>l, «>]. 
Then we have® 


If in this equation r is given in succession the values 1, 2, 3 /> — 2, 

we easily prove that a» (z-) > «, 1 < r </> — 2. (A) 

Putting p— 1 for r, we get <0 (/> — !) = w— 1. 
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On the ■^-Potetiiy of G (p"— 1, r) 

Again G (^-1, ,) - i,[/M C J". , J] (,.3). 

Where the/'s are positive integers’ given recursively by 
/W = [/(r- - 1) I- /(/- I)], /(;-)= 0. 

when Y > it is easily proved that 

/ (r) = 0 (mod. />), m - 1, 2, 3, ..... /)-4 I 1; 

m L y;.J .l J' 

also J {f) - 0 (mod. p), m = r, r— 1, r- 2, >'+ I — f ’ -*^1 

m 

I,et p be the /(-potency of the most potent of the integers 

Ki i]’ ^ + [7' I]’ ' " “ ' [^-!] "'I '' 

Then w (r) n— P, r > />. . . . . . . . . (yj) 

Moreover, 2 G (/)*' -1, 2h 1) - /,« o (/>" - 1, 2z), i > 1, 

(mod. /) >2'^). .. .. .. (3-1)* 

Hence 6j (2 h- 1) 2u—pi-y, .. .. .. (C) 

where y is the /)-poteney of (2i f 1), and pP^ii < 

In particular oj (/)8) 2u, 1,8... . . . . . . (D) 

§5. Theorem, co [<^ n A, 0 < A • / u, p 2. 

We have« G (/>" ■ A,r)= f (/'). f ,, , )1 (1 • 3)* 

where the /'s arc ])o.sitive integers independent of p and u, I,et r=^ (p^)* 
then the /^-potency of G (/>" 1, f/j (/?A) will he definitely known if from 

the terms on the right-hand side of (1 •)»)*, w'e can single out one with a 
potency less than that of any and every other of the terms. 

T y)rocccd to show that such a term is 
/ {r) ). ^=0 (M). m=p^- 2^A 1 i 1. 

Since G [/>A-1, p (/(A)] is 0-poteut in p, 
therefore / (/) is 0-potent in p ; r (p^). 

^ _2/iA‘’4-i 
Moreover, 

is less potent in p than every other member of 
where I + ^ (/(A) < < < 20 (/>A). 
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Hence <u (/>A)]=«— A, 0<A < «. .. .. .. (U) 

In view of the results of §3, we now get 

G [a, <l> (j!>A)J = 0 (mod. p<»-X), p > 2, 1 < A<; «. .. (F) 

a< 

In other words G[p'‘ — \,p (/)A)J and G [a, p (;!>A)], /> > 2, 1 < A < m , 

a < • />“ 

are eqiii-potent in p, 

§6. Theorem, oi (/)" — 2) > J - 2« + x> 

where x — i, 2 or 3 according as =2, 3, or > 3. 

We have Cx (/>"- 1 . 2) 1) ! ^ . 

a- 1 d 

==(/)"-l)!r i; Z 1 , 2^ 

The theorem follows immediately from Wolsteiiliolme’s Theorem,® viz,, 

Z --==0 (mod. 

where /=0, 1, 2, according as ~ > 3, 3, or 2. 
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Iridium is practically the only element who.se isotojiic constitution has not 
so far been revealed by the mass-spectrograph. The ])resent authors have 
arrived at the isotopic constitution of platiuuni from a study of the liyperfine 
structure of its arc lilies.^ Almost simultaneously Dempster^ has publishtd 
the isotopic analysis of this element with the aid of his mass-siiectrograidi. 
He has more recently studied the isotopes of ])alladium and gold,^ whose 
hyperline structure data obtained by one of us is under publication. Of the 
four elements, viz,, Pd, Tr, Pt and An, mentioned by AstoiP as having with- 
stood attempts to arrive at their isotopic constitution by the use of the mass- 
spectrograph, iridium alone remained without any information in this respect. 
A study of the hyperline structure of the arc lines of iridium was undertaken 
witli the view of determining its isotopes as well as their nuclear si)ins. 

The hollow' cathode used in this investigation is exactly similar to the 
one used previously instead of the platinum foil, an irivlium sheet (supplied 
by Messrs. Johnson Matthey & Co., Ltd.. London) was inserted in the 
hollow cathode. A discharge current of about 200 mA. at 1000 v. biings up 
the iridium arc lines ari.sing from transitions to the lowMying levels with 
enough intensity to enable a study of their hy])erliiie structure. The ad- 
vantage of the particular type of hollow cathode employed here lies in the 
fact that only a few lines corresponding to transitions to ground and near 
low-lying levels are exented without any reversal. I'ig. I shows that in 
platinum as well as in iridium the lines for which the hy])erfinc structure 
study has been possible are those arising from transitions to a few of the 
deepest levels only. It is a matter of great adx antage in hyj)errnie structure 
work to obtain such signilicaiit lines of an element intensely without any 
complications of self-reversal. 

' Vcnkatcsachar and Sibaiya, Nature, 1935, 136, 65. 

“ Dempster, Nature, 1935, 135, 993. 

“ Dempster, 1935, 136, 65. 

* Aston, Proc. Roy. Soc.. 1935, 149 , 404. 

^ Venkatcsachar and Sibaiya, Proc, hid. Acad, Sci., 1935, 1, 955-960, 
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FKJ. 1. An! linos of platinum and iriciiiiiii analysed. (Ntit lo Scale.) 

The spin separations even in the deepest levels of iridinni are so small 
that many of the arc lines just a])peai widened and exhibit no structure. 
The three arc lines AA :58()0- 1(>. 351:5-07 and ‘2fl2'l -81 A have acominon lower 
level in the ground term A'‘l'' 4 i according to Albertson.® These three lines 
exhibit similar structure ; but the components are so very close together 
that accurate measurements have been i) 0 .ssiblc only in the intense line 
A 3513-07 A. The similarity in structure and the approximate eciuality of 
the component se))arations suggest that the structure in these lines must be 
attributeil to a spin splitting of the grouiul term A U-jj with the upper levels 
unsplit. A 3513 07 A exhibits the follow ing structiire in cm. ' and the visual 
estimates of relative intensify are included in brackets : 


Irl A 35 1 3 -07 .v (.5d®0s 5ri“0p 


(h in (rnl.) ! 

! Jicniiirks 

1 

■| 0*07l> (7) 

This cdiTiponoiit ap])ears as a conliiiuoiis 

palrh bcdncMMi { 0-072 ami 0-000, imli- 
(•atin^ tlio ]m*sonw» of an expootod salollito 



at -fO - 0 : 5:5 {»), vide PI VJIT. 

0-000 (22) 

-0-073 (13) 

Broad. 

- 0-115 (9) 



« Albertson, Hiys. licv., 1932,42,443. 
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Indium Isotopes and their Nuclear Spins 

Judging from the known isotopic constitution of elements with odd 
atomic numbers, iridium can have either one or hco odd isotopes. If one 
assumes the existence of only one isotope, the chemical atomic weight 
suggests that the isotope is Ir 1 911. No value of unclear spin for Jr 19:5 even 
with the lower and upijer levels both split can give the observed structure ; 
this fact has been established by the method of I'isher and ('joiidsmit eni- 
])loyed for explaining the structure of iiisulVicieiitly resolved lines. Another 
alternative is that iridium should consist of two isotoi)es Ir 1915 and Tr 195, 
because the chemical atomic weight is 19:5 *1. Jvxainiiiiiig all the know n 
odd isotopes of elements, it is found that 191 and 19:5 are the only two odd 
mass numbers missing in the neighbourhood of iridium ; 195 has been pre- 
viously shown to exist in platinum.^*'’* ft a])pears further that the isotopes 
of an clement with odd atomic number usually have no isobars in a])i)rc- 
ciable quantity. Since the isotope of mass 195 exists to an extent of about 
:50% in platinum,’ the existence of Ir 195 in any quantity is very inq)robable. 
Remembering that no element with odd atomic number exhibits more than tw o 
odd isotopes, one need only consider 191 and 19:5 as Die isotopes of iridium. 
iCxamining the data on the atomic w'eight determination.*-; of iridium, it is 
found that there is great divergence in the values given by various iiuesti- 
gators ranging from 192-50 to 19:5 -iO. In these circumstances much ini- 
l)ortance cannot be attached to the value of the atomic weight 10:5-1. In 
many cases where the mas.s--si)ectrograph has decided against the chemical 
atomic weight as in Tb, Tin, Au, Ta, etc., the chemical atomic weight has 
been in excess of the true value. The observed structure of the lines is 
accounted for unuiuely by assuming the existence of the two isoto])es 
191 and 19:5 with the respective nuclear moments of .1 and :j The 
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addition of two neutrons to the nucleus of the odd isotope of lower mass 
gives rise to an odd isotope of heavier mass with a change in nuclear spin 
of either 0 or ± 1 ; the change is 0 when the two added neutrons have 
opi^osite spin moments and is ± 1 when their spins have the same sign. 
Tamm and Altschuler® also consider that sometimes two neutrons do not 
form a closed shell with zero spin, but add uj) to give a spin of 1 . The above 
table contains all the known cases where the nuclear spin change between 
two odd isotopes of an clement is cither 0 or ±\. 


1x1 % (54®6s - 5d®6p 



A+b (2a) 



Ir !193 
Fig. 2. 


* Tamm and Altschuler, “/Ic”, U.R,SS., 1934, 1, 455. 
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Indium Isotopes ami their Nuclear Spins 

The observed structure of A A is exidaiiicd on the basis of two 

isotopes ItU and 193 with nuclear spins of 1 and [J respectively in log. 2. 
The eye-estimates of the intensities of th.e components is consistent with 
theoretical expectations and give for the relative abundance of the isoto])es 
191 and 193 a ratio approximately equal to 1 : 2 . The correct ratio however 
must await a microphotometric study of the structure pattern. The abo\c 
estimate gives an atomic weight of 192 -i, which is perhaps a little too low. 
There is tio doubt however that the accci^tcHl chemical atomic weight is too 
high, and that the correct atomic weight of iridium must he between 192 
and 193. An accurate estimate of the relative abundance of the isotopes 
is further impeded by the uncertainty of tlie J-valne of the ground term ; 
Meggers and l.aporte give it as 2.1 while Albertson gives it as 1 1. The ground 
term exhibits an isotope displacement of (t-Of)? cm. ’ with the heavier isotope 
lying deeper as in the cases of copper and thallium.® The existence of this 
isotope shift favours the suggestion that the ground term of iridium is a 
‘I'll term as suggested by Albertson arising from an electronic configuration 
r)s®0p*5d'’(5s in preference to a * 1 ) 5,2 term from .5s*5p®5d® as given by Meggers 
and Laportc'®. It is for this reason that the J-value of the ground term has 
been here assumed as tl in calculations of intensity, intervals and isotope 
shift. The incompletely resolved jiatterns of a few other Irl lines 3220-79, 
2094-22, 2004-77 and 2039-70 support the conclusions obtained above 
regarding the isotojies of iridium and their nuclear s])in. The fiiu; structure 
levels in H‘l '41 of Albertson arc regular in Ir 191 and inverted in Tr 193, 
while in A^I'^j the reverse is the case. ' The ratio of the nuclear magnetic 
moments of the two isotopes is therefore about — 1 - 0 . 

Summary. 

The h 3 'perfine structure patterns of some of the signilicant arc lines of 
iridium have been photogra])he<l using as source a hollow’ cathode tube 
already described in a i)apcr by the authors on the isotopic constitution of 
jdatimim. An examination of the hyperlinc structure data of the iridium 
lines le;ids to the result that it c(}iisists of two isotopes with nuclear .sj)ins 
1 ./* and 5 . A consideration of known facts regarding the occurrence 

** iTT “ iTT 

of isotopes of iliffereiit mass numbers in the various elcineiils has led to the 
inference that the mass numbers of the two iridium isotopes are IDl and Ihli 
with a relative abundance of nearly I : the isotoi)e witli the higher mass 
number having the higher nuclear spin. 

° Vcnkatcsacliar and Sibaiya, Fnw Ind. Acad. Set., 1934, 1 , 13. 

Meggers and Laportc, I'hys. Rev.t 1926, 28, 600. 
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INPIAN WATER-MOULDS— I. 


By n. Ciiaudhi:ri 

AND 

P. ly. Kociiiiar. 

the Dcpiiriinciif of lutfuiiy, Potijnh Uiih'crsity.) 

Rohm veil June 17, 19JS. 

Introdiiciion. 

ThK majority of the water-moulds belong to S(ipyolcffniacea\ having some 
80 species in 14 genera known at present. They live nif)stly as saprophytes 
on dead and decaying animal and vegetable mailers submerged in water. 
Some also live as j}ara.sitcs. Alost of these water-moulds hav^e been recorded 
in J^urope and America and have been described by do Bary (1881, 1888)^ 
Massec (1891), Humphrey (189:5), Klebs (1899), Kauffman (1008), Petersen 
(1910), Von Miiideti (1912, 1910), Pieters (1915), Coker (192:5), Coker and 
Braxton (1920), Harvey (192*5), Kanouse (1927), Pitzpatric (19:50) and 
others. The list of British siiecies has been considerably added to by 
Ramsbottom (1904-1900), Barnes and Melville (19:52), Cook and I'orbes 
(193:3) and Porbes (19:35). Besides the work of Butler (1907, 1911) describing 
a few forms, there has been very little done in India. Recently a Myzocitimn 
has been described by Chaudhuri (19:5P 

Apart from systematic studies, the growth of the water-moulds under 
different cultural conditions has been studied, and inoculation experiments 
have been made with a i)athogenic form. Twenty si)ecies, viz., 19 s])ecics 
belonging to 5 genera of Saprolcf^niacecc and one chytrid belonging to 
Rhizidiacece have been recorded and describctl. This i)aper forms the first 
of a scries of papers it is intended to publish on water-moulds. 

Method and Technique. 

As the water-moulds rei)roduce freely by means of zoo.sj)ores, sam])les of 
water were collected in tubes from dilTcreut localities. A boiled house-ily 
was placed for 24 hours in each of thc.se tubes after which the lly was washed 
in several changes of sterilised water and tram^ferred to a Petri di.sh, containing 
sterilised distilled water. In a day or two, the lly which is infected by the 
zoospores, becomes covered by fungal hyplue wliich radiate out of the body" 
of the fly. It is then transferred to another Petri dish and fre.sh transfers 
are always made every third day. It has been observed that usually a 
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number of speciCvS occur in a sample of water, and the fly gets infected by more 
than one species of mould. Hence it is necessary to isolate them and grow in 
pure culture. This was done by picking up, under a binocular microscope, 
a single liyplia bearing a zoosporangium by means of needles and placing that 
in a Petri dish containing sterili.sed distilled water, after it had been washed 
again in several changes of water. In a day or two fungal hyplne grow around 
the bits of sterilised egg-yolks ])laced in those dishes which become infected 
by the /oos])orcs liberated by the zoosporangium. 

Many a time certain seeds and pieces of fruits have been used as baits. 

Often cultures get contaminated bj" bacteria unless the water is slightly 
acidulated. If an infected fly bearing mature zoosporangia from a bacteria- 
contaniinated dish be washed in several clianges of acidulated water, and 
another fly-bait is gently jdaced at the opposite end of the same dish in slightly 
acidulated water and left for about 2 hours, then from the latter a bacteria- 
free culture may be obtained. 

The life-history of the moulds has been studied in the living condition by 
mounting in water and staining with neutral red. Kseape of zoospores and 
the different stages in the dcvelo 2 )meiit of tlie spores could thus be easily 
followed. 

In making permanent mounts, the following i)rocedure was followed. 
The material was fixed in a solution of formalin (lOc.c.), glacial acetic acid 
(5 C.C.), and water (85 c.e.) for ‘J 1 hours. After washing the material in several 
changes of water, this wa.^ ])ut in 10% glycerine containing *01 % eryUiro- 
sine in a watch glass and allowed to dry slowly for two days. When the 
glycerine thickened, the material was immersed at once in absolute alcohol 
and then through the usual grades of alcohol and xylol was Anally mounted 
in Canada bal.sani after spreading out the material with a i)air of needles. 
These pre])aralions suffered no shrinkage at all and the stain also did not 
fade. Mounts were also made directly from the material in thickened glycerine, 
in either pure glycerine or in glycerine jelly ringed with asphaltam. These 
latter mounts very soon lost the brilliancy of the stains and after a few months 
the stain almost faded. 

General Characters, 

These fungi con.sist of cumocytic threads attached to rhizoid-like sy.stem. 
Hyphic either branched or more or less vsimple ; sub-hyaline. vSepta a 2 ^])ear 
only in connection with reproductive bodies. Asexual rei)roduclion by means 
of zoospores. Zo()Si')orangia formed at the tips of the hyidiac ; of various 
shape and size ; renewed by internal i)roliferation as in Saprolegnia or by 
cyniose branching from below the older ones as in Achlya or by both methods 



Indian Waier-Moulds 


139 


as in Isoachlya, Zoospores liberated singly or in groups. Dark coloured 
resting bodies (geinmae or clilamydosj)ores or conidia) formed sometimes. 
These either grow into new hyphsc or produce zoospores. Sexual rej)roduc“ 
tion by means of oogonia and antlieridia. Oogonia formed at the tips of 
main hyplne or on short lateral branches or sometimes intercalary, singly or 
in chains. Eggs one to many in an oogonium. Antlieridia short or long, 
simple or branched and either originating from the same tliiead on which the 
oogonia arc borne (Androgynous), or from other thread (Diclinous). I'ertilisa- 
tion tubes present or may be absent. 

Descyipiio7}s of Species a7ui Their Cultural Characters. 

Genus Saprolegnia Nees v. Esenbcck, 18*2:3, ]>. 51:3. 

Hyphie slender, more or less branched, ]iriniary sporangia terminal, 
long clavate, often slender fusiform, polymorphic in old cultures, secondary 
ones produced by jiroliferations through the older ones ; zoospores liberated 
singly and swim awa}’ separately. 

J. S. parasitica Coker. Sap. 1923, p. 57, PL II. 

(irowth rather delicate, dense, short, reaching 0*9 cm. on egg-yellow 
in di.stil1cd water ; clilnmydospores abundant, size and shape variable, often 
in chains of 2—1, last in the series often spherical or globular. Ilyplice 
21 -5 -36 /X. Zoosporangia variable, often bent and irregular, cylindrical to 
long clavate with rounded tips, 45- 60x280 310/x ; occasionally 560 /x long^ 
proliferating internally through the older ones. . Zoosjmrcs 9-5- 10-8/x. 

On boiled house-lly in tap water and distilled water — delicate growth, 
short liA^pluc, abundant zoosi)orangia. On boiled egg-yellow^ in distilled 
water — zoosporangia and also clilainydospores formed. 

2. S. parasitica Coker, Var. Kochhari, n. var. 

PI. V. Figs. 1-6. 

Parasitic on Bclone Cancinula and other fishes. Abundant hy])hse 
covering the dead fish. In laboratory Labio rohita (8" long) infected b}* means 
of zoospores, but Ophiocephalous punctaius, though injured at the mouth 
from which hyphsc grew out, recovered and lived for three months. 

Dense long hyphsc, zoosporaiigia usually very long and stouter ; bigger 
class 5. parasitica. 50-75 x 400-000 /x long. Zoospores usually not liberated 
but germinate inside the zoosporangium when growing on fish. 

If zoosporangium is put in distilled water, zoospores are liberated in the 
usual manner. Microtome sections of the infected fish showed the presence 
of the fungus throughout the bexly of the host. 

Coll. : S. R. Kashyap, Iliran Minar, vSheikliupura, Punjab. 
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Oeniis Aplanes cle Bary, 1888, p. (513. 

Hypluc slender, very minute, sparingly branched or simple, zoosporangia 
very rare, almost absent. 

3. A. sp. PI. I. Figs. 20-29. 

Growth delicate but extensive, reaching upto 2 cm. on coagulated egg- 
yellow. Hyphic slender, occasionally branched, 9-2 15-3 /x in thickness. 
Zoosjjorangia very rare, when present cylindrical to long clavate, 28-30 -3 /x ; 
renewed by internal proliferation, one zoosporangiiini observed witli cymose 
branching. CliIaniydo.s])ores abundant, verj" variable in size and shape, 
elliptical to globular or irregularly cylindrical, terminal or intercalary, in 
chains or single, sexuality not observed. 

(jroidh in culture — 0\\ house-fly in tap water — cnly vegetative growth 
with a few geinnue, zoosporangia rare. On egg-yellow^ in distilled water and 
in boiled corn grain ---abundant chlainydospores formed. Old cultures on 
egg-yellow when transferred to 0-1% leucine solution showed no change in 
two weeks. 

Collected from Jyahore, Amritsar and Gujramvala. 

Genus Isoachlya, Kauffman, 1921, p. 231. 

Ilypha? rather stout or slender. Zoos])()rangia terminal, variable in 
shape and size, secondary ones arising either by cymose arrangement, as in 
Achlya, or by internal proliferation as in Saprolefniici. Zoospores escajjing 
and .swarming separately. Oogonia without antheridia in most cases. 

4. /. munilifera (de Bary) Kauflman, Aincr. Journ. livl., 1921, 8, 

231. 

PI. VI. Figs. 1 9. 

Vegetative growth rather extensive and stout, reaching 1 -5 cm. on egg- 
yellow in distilled water. Hyplue 1 1 27 /x occasionally upto 33 fi. vSporangia 
not abundant, usually cylindrical to clavate, proliferating internally. 
Zoospores 11*4 12-2/x. Chlainydospores variable, terminal or intercalary, 
asually in chains, the terminal one being globular or .spherical. Oogonia 
very abundant througliout the culture, usually in chains, most of them break- 
ing up easily from the liypha* and from each otlicr on maturity, tyjiically 
spherical with a long neck, wall thin, diameter 49 91 /x. Eggs 1- 30, mostly 
4-12 ; 2 1-25 /X centric. Antheridia absent. 

Growth in culture. — House-fly in distilled water-growth rich, zoosporangia 
developed with zoospores liberated, oogonia not so plentiful. Ivgg-yellow in 
distilled water and in boiled corn grain — growth luxuriant, plenty of oogonia 
of normal shape with mature eggs, no antheridia. On house-fly in 0*1% 
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solution of potassium i)hospli ate— growth not so thick, liypha? scattered with 
very few oogonia, zoosporangia normally developed. 

Collected from Batala and Shalamar. 

This species diflers from Coker *s descri])tion of I . monilifera in having 
constantly long-necked oogonia and larger number of eggs in the oogonium. 

Genus Protoachlya Coker. Sap., 19211, p. 90. 

llyplia' rather delicate. Zoos])orangia cylindrical to llask-shaped with 
rounded tips, thickest near the apex. Zoospores dijdanetic, some remaining 
attached in an irregular clump at the tip of the zoosporangium, other swim- 
ming away separately. 

5. P. paradoxa n. comb. (Coker). 

1*1. VI. I'igs. 10 25. 

Adilya paradoxa Coker, Mycolo'^ia, 1911, 6, 285, PI. 14(». 

Isoadtlya paradoxa (Coker) Kauff., slmcr. Jottni. Pot., 1921, 8, 2\U. 

Growth open, delicate, long reaching 1 -75 cm. on egg-yellow in distilled 
Wiiter. Hy])lue 12 *5 18-(i/x, occasionally thicker u])to 28 fx. Zoosi)oraiigia 
very abundant, 27 •6 -53 -8 /x in diameter, tips rounded or nccasicnally broad, 
secondary ones arising usually by cymose branching beneath the older ones. 
Zoospores diplanetic, fornjed in several rows, showing great variation in 
behaviour, some moving away separately after emergence, others forming an 
irregular grou]) at the tip. Chlamydos]mres terminal, rarely intercalary, 
mostly in chains, oblong to clavate, sometimes cylindrical, zoospores oblong 
to oval within the /.oosporangium and spherical outside, their long axes 
parallel to the w'all of the zoos 2 )orangiutn during escape, 12 •5-13 *2 /x. 
Oogonia on short lateral l)ranches, rarely terminal or intercalary, spherical, 
33- r)0/x in diameter, mostly 13-47 /x, those near the substratum with many 
eggs and those outward with few, usually 1-2. iCggs sjdierical 18- 24 /x. 
Antheridia ])reseiit on all oogonia mostly diclinous, occasionally androgynous, 
sometimes more than one to an oogonium. 

Growth in cullure.- On house-fly and on egg-white in distilled water- 
growth extensive, delicate, hyjflnc thick near the base. Many si)orangia with 
Achlya-\\k.i^ proliferation. On egg-yellow in distilled water — as above. 
Abundant chlamydospores formed. Oogonia formed only in old cultures, 
some disorganising. On corn grain in distilled water — growth vigorous, many 
zoosi 3 orangia and chlamydospores, no oogonia. On house-fly in 0*1% solu- 
tion of leucine— abundant geminaL' and many oogonia with ripe eggs. On 
house-fly in 0-1% solution of potassium phosphate— -grc.wth fairly strong, 
zoosporangia and chlamydospores numerous, zoospores liberated normally. 
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Collected from Sheikhuj)ura and Atari. 

It may be noted that it has smaller-sized eggs than those described by 
Coker. 

Oemis Achlya Nccs v. Kscnbeck, 1923, p. 514. 

Zoospores from a common month, collecting in a group at the tip of the 
zoosporangia ; zoosporangia tliickcr than the vegetative hypha% zoospores 
not in a single row. 

0. A, americana Humphrey. 

PI. YIl. Pigs. 1-1 1. 

Growth dense, rather stout, upto 2 cm. on egg-yellow in distilled water. 
Hyplup stout giving out slender Inanches, u])to 78 /z near the base, branches 
usually 27-(j 4.S/X, liner branches as small as 12-3/i, zoosj)orangia long, 
cylindrical, with wavy margin, 24 *6-3(5 *9 in thickness, proliferating 
fre<iuently from below the older ones. Zoosi)orcs liberated in a grouj), 
8-3-9*l/x. Chlamydospores not so frequent, formed by the segmentation 
of hyphie into elongated pieces, usually of the same thickness as the zoo- 
sporangium. Oogonia plentiful borne on short lateral .stalk, rarely in chains, 
spherical, occa,sionally llask-shaped, wall pitted, 40 *1-68 *7 /x in diameter, 
mostly 46 fi. Oogonial stalk varyijig from less than to more thaJi twice the 
diameter of oogonium. Ivggs 2-6 sometimes upto 13 -15, eggs spherical 2 1 *5 
23 *8 /X, sub-centric to eccentric. Antlieridia mostly androgynous, occasionally 
diclinous, simple. 

Gi'ou'th in culture.- On house-fly in tap water — vegetative growth 
fairly dcn.se, normal sporangia ; chlamydospores and oogonia nil. On 
cgg-wdiite in di.stilled water- growth delicate, open. On egg-yellow in 
distilled w^ater — grow-th chjse, strong, hvqfluc branched, few' chlainydo- 
S])ores, oogonia ])lentiful, all inatuiing and forming ripe eggs. On corn grain 
in distilled water — growth extensive, oogonia few^ maturing late. A culture 
on hou.se-lly transferred to 0*1% solution of leucine formed oogonia with 
ripe eggs in 5 days. 

Collected from Shalamar and Lahore. 

It differs from Coker’s description in the smaller size of its zoospores and 
oogonia and in the smaller number of eggs in the normal oogonia. I'orbes 
has also described this species recently from Idanchester, and her descrip- 
tion shows this species to be closeh" allied to A. debaryana but the latter 
differs from this in having unpitted oogonial walls and some diclinous 
anther idia, while the former has pitted oogonial w^alls and consistently 
androgynous antlieridia. 
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7. A. proliferoidcs Coker. 

P. VIT. Figs. 12-19. 

Growth open, stout, long, u])to 2 cm. on egg-yellow in distilled water. 
Hyphrc more or less branched, usually wavy, tapering, varying greatly in 
size, 135/^ near the base, ultimate branches as line as 15 * 7 / 1 , lips withering. 
Zoosporangia abundant, long, narrowly cylindrical, sometimes bent, 30 -7 38 X 
210-490 /X, occasionally 50 /x thick, often o])ening by one or more lateral pores. 
Zoospores 10'5-11-2/x, coming out in one conlinuons line and forming an 
irregular group at the mouth. Oogonia abundanl, spherical, rarely irregular, 
45-47 /X in diameter, on short lateral stalks, which vary from as long as, to 
li times as long as the diameter of the oogonium ; oogonial wall thin, pitied. 
Kggs 1-8, spherical 21 30/x, averaging 25^4. Anthcridia diclinous, branching 
a single one sending branches to 2 or more oogonia. 

(rroiM in cullure. On house-fly and on boiled cgg-wliile in distilled water 
— only vegetative growth, zoospores all liberated at maturity. 0\\ egg yellow 
in distilled water --vegetative growth strong aiul healthy, few oogonia deve- 
lo])ed, remaining immature for a long time, all with antheridial branches. 
Oogonia abundant on corn grain. ( Ui corn grain in distilled water— vegeta- 
tive growth extensive, zoosporangia and zoospores well developed ; many 
mature oogonia witli ri])e eggs ; all with anthcridia. A culture on liouse-ily 
transferred to 0-1% solution of leucine produced oogonia in 5 days; more 
than 75% with ri])e eggs, antheridia on relatively tew oogonia. 

Collected from Gujrauwala and Lahore. 

It will be noted that the size of the eggs is bigger than those described 
by Coker for the new si)e('ies. 

8. A. Jlas^cllata Coker. Sap. 1923, j). 110. 

PI, VIII, Figs. 1-8. 

(irowth somewhat dense, reaching about 2 cm. on egg-yellow in distilled 
water. Hyphac branching, ta])cring gradually, 30-39 /x thick, main hyjdue at 
the base upto 120/x, often dying back at the* tip. Zoosporangia plentiful, 
.sub-cylindrical to cylindrical, very variable in lengtli, often long and thick, 
49-54 X 300-709 /X, .slightly bent and occa.sionally with more than one lateral 
opening. Zoospores coming out in a mass and gradually falling to the bottom, 
9 -8-1 1 /X thick. Gemiiue not so freqirent. Gogonia fairly plentiful, usually 
on lateral stalks, which may be twice as long as the diameter of the oogonium, 
spherical, 41-78/x in diameter, mostly 52-58 /x, wall i>itted, not so thick, al)out 
1 *3-1 ‘6 /X. Kggs 1-9, mostly 3- 0, spherical, eccentric, 2 1 *3- 29 /x in diameter. 
Antheridia both diclinous and androgynous, more often former, branching 
attached by means of feet to the oogonial wall. 
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Growth in culture . — On house-fly in distilled water — vegetative growth 
short but dense ; zoosporangia and a few chlaiiiydospores formed, no oogonia- 
On cgg-whilc in distilled water — growth open, hyphre long, with very few, 
if any, branches ; zoos])orangia with zoospores, which arc easily liberated. 
On egg-yellow in distilled water — growth strong and dense ; zoosporangia 
abundant, zoos])orcs gerininating within the zoosporangium or outside ; 
chlaiiiydospores abundant, oogonia formed late. On a fly in 0*1% solution 
of Potassium phosphate — few hyjjlne coming out and growing to a consider- 
able length, .stout. On a fly in 0*1% solution of Potassium nitrate — growth 
fair, only vegetative, few sporangia, no oogonia or chlaiiiydospores. 

Collected from Amritsar, Lahore and Gujramvala. 

10. A. imperfecta Coker. Sap. 192)1, p. 118. 

PI. VIII. I*igs. 9-20. 

(rrowlh dense, not so delicate, reaching 1 *75 cm. on egg-yellow. Ilypha^ 
near the substratum stout, giving out delicate l)ranches, branches dying back 
at the tips; 9-2 30 -4 /i, mostly 12-3- 15 ‘3/1. Zoosporangia abundant, sub- 
cylindrical, somewhat irregular in outline, renewed in a cymose manner or 
formed anew below the older ones, 3()-3-39-9xr)2(' 1205/t. Zoospores 
10-10 -8 /X thick, dark, spherical. Chlaiiiydospores formed by the segmentation 
of hypliLC, mo.stly sub-cylindrical and in chains, rarely ovate with lateral 
branches, often getting loosened and separated from each other and the 
threads. Oogonia plentiful, spherical or sub-spherical, occasionally irregular 
ill outline and with papillie on short lateral stalks whicli are less than, to more 
than IJ times the diameter of the oogonium; with or without a neck, 
55 *2-07 -3 /X ill diameter, averaging 59 /x, wall iiiipitted. l'!ggs 2-8 in an 
oogonium, most ly 3-5, eccentric, 2l-2vS-3jLi nio.slly 21 •3/x, sidicrieal or .some- 
times elliiitical. AnUicridia both androgynous and diclinous, more or ICvSs 
branched, a single one sending branches to more than one oogonium. 

Growth in cnUnrc.-~-On housc-ily in distilled water -hyph.T stout, vegeta- 
tive growth dense, covering Ihc fly ; chlamydosjiorcs few, zoospores develojied 
normally and all liberated. On egi, -white and boiled corn grain and egg- 
yellow' — oogonia developed in a week's lime, zoospores formed, also a few 
chlaiiiydospores. A culture of egg-yellow in distilled water transferred to 
0*1% solution of leucine produced abundant oogonia in 3 to 4 days. Some 
of these disorganised, zoosiiorangia short. On house-fly in 0-1% solution 
of Potas.sium nitrate — only vegetative growth seen. On house-fly in 0*05% 
solution of Potassium chloride — only few threads came out and these died 
in a week. 

Collected from Lahore and Amritsar. 
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10. A, Kashyapia, ii. sp. 

ri. IX. lMg.s. 1-10. 

Growth rather open, hyi)lKe stout near the substratum, giving out slender 
branches, 12 -3-18 -4/1, occasionally as wide as 30 fi and as line as 9 -2 /x. Zoo- 
sporangia plentiful, elongated, cylindrical or su])-cylindrical, more or less 
smooth, secondary ones (piitc coinnion and produced as in other forms of this 
genus, very variable in size 32 45x252 873 -7 /x, occasionally as long as 
1 inni. , those on liner branches as small as 15-1x1 75 /x. Chlamydosporcs formed 
usually by the segmentation of hyplue and therefore in chains and cylindrical 
to sub-cylindrical, rarely otherwise, not getting loo.sened and separated from 
each other. Zoospores 9 -8- 10- 5 /x. Oogonia not so freciuent, when present 
scattered in groups of three or four, on short lateral stalks, dark coloured, 
neck short or absent, spherical, occasionally llask-shapcd. W’all moderately 
thick, 2-8 3-1 /X, unpitted. Diameter 58-2 75-3ju. Kggs3-8 in number, 
24-() 27 mS/x, spherical, sub-centric or centric. Anlheridia not on all oogonia, 
diclinous, branching, a single one sending branches to 2 or more. 

Groivth in culture.— 0\\ lly in distilled water- -vegetative growth rich; 
zoosporangia formed and zoospores liberated. Growth poor on egg-white. On 
egg-yellow in distilled water — vegetative grow th very luxuriant, u])to I *5 cm., 
oogonia ]denty, remaining immature for along time, mature ones degenerating; 
zoospores not developed in all zoos])orangia, liberated earh'. On corn grain 
in distilled water — vegetative growth dense aiul long, upto 2 cm. ; oogonia 
formed but not very abundant, eggs mature ; chlaniydospores seen. A 
culture on house-lly when transferred to ()• 1% solution of leucine ])ioduced 
abundant oogonia in 2 days, eggs rij)en. On corn meal agar and corn grain 
(boiled) in 0-1% solution of Potassium phosphate- growth moderate, few 
sporangia and gcmime. On house-fly in 0 -1% solution of Potassium nitrate 
'good growth I cm. ; zoosporangia and chlamydosporcs developed. 

Collected from Dahore and Khasa ( near Amritsar). 

A. Kashyapia approaches A. prolifera in having diedinous antheridia 
but diJTers from the latter in the unpitted character of tlie oogonial w'all 
and ill its larger eggs. It also resembles A. i/uper/ec/a except in the size of 
the oogonia and eggs and in the centric or sub-centric character of its eggs. 
It may be a synthetic species. 

11. A. Klehsiana Pieters, Hot. Gaz., 60, 486. 

PI. IX. Pigs. 11-17. 

Moderately stout, grow^th on egg-yellow reaching 1-75 cm. Hypha; 
3()-54/x, main threads upto 84 /x at the base, tapering gradually, branched. 
Zoosporangia 36-49 x 429-502^, occasionally 71 *8 /x thick, those at the ends 
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of fine branches as small, as 1 5 X 270 /4. Secondary ones quite common, arising 
cyiiK^scly. Zoospores 10 -7-11 *3 /i. Clilamydospores formed by the segmenta- 
tion of hyidue, rod-like. Oogonia plentiful, borne on short lateral stalks 
which are from less than, to 2i times the diameter of the oogonium, spherical 
or siib-s])herical, with or without a neck, 39-()0/i, mostly 47-55 /a. Oogonial 
wall thin, l*5-'2-3/x. Ivggs 1-G, usually 3-4, 20-2G-2/t, mostly 23 -8 /i; 
splierical or irregularly flattened ])y pressure, centric. Aiitheridial branches 
slender, al\va\'S diclinous, androgynous very rare. 

Grotvlfi in cnllurc. — On liouse-fly in distilled water — vegetative growth 
good, zoos])oraiigia forming zoospores, some liberating, others retaining them, 
oogonia after about 8 -9 days, (.hi egg-yellow in distilled water — vegetative 
growth extensive, reaching I -75 cm., oogonia abundant, all with antheridia. 
On egg-white in distilled water -vegetative growth delicate, zoos])orangia 
not develo])ing zoospores ; oogonia only fe\v. A culture on fly in 0-1% solu- 
tion of leucine ]n*oduccd. abundant oogonia, only 50% forming ripe eggs, no 
chlaiiiydospores. On hou.sc-fly in 0-1% solution of Potassium phosphate- 
only vegetative growth, zoospores not developed, no clilamydospores. 

Collected from Shalamar, ^lughal])iira and I^ahore. 

It agrees with Forbes' description of the species. 

12. .4. conspicuu Coker, Sap. 1923, p. 131. 

PI. X. Figs. 1-8. 

Cxrowth dense, reaching 1 *5 cm. on egg-yellow in distilled water. Main 
hyphoe long and stout, iipto 145ft thick near the base, line branches as small 
as 24-G/it ; zoosporaiigia abundant, broadly cylindrical, 43-52-2 x247-558/i. 
Secondary ones abundant, produced in groups or borne in a zigzag manner 
at long intervals. Zoospores 8 -9 -9 •9ft. Oogonia somewhat plentiful, on 
short lateral stalks, which arc at least as long as the diameter of the oogonium . 
spherical or oval, occasionally cylindrical and notciied, 58 -3-04 -5 /x, wall 
yellowish, not thick, slightly pitted. Eggs 3-7, spherical, 24 -9-30 -7 /x. 
Antheridia androgynous, branched. 

Growth in cnUtire—-Oi\ house-fly in distilled water — vegetative growth 
fair, rather stout ; zoosporaiigia abundant, short, almost oblong. On 
egg-yellow in distilled w'ater — growth dense, clilamydospores nil. Oogonia 
with ripe eggs formed after 20 days. 

Collected from Amritsar, Atari and Lahore. 

13. .4. dtibia Coker, Sap. 1923, p. 135. PI. XLIX. 

PI. X. Figs. 9-14. 

Growth rather dense, 1-5 cm. on egg- 3 ^ellow. Main threads stout, more 
or less branched, 21 •3-40 -7 fi, thick, tapering gradually. Zoosporangia 
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abundant, terminal, long cylindrical or somewhat clavatc, 30 -T- 42 -9 jn, 
often thinner, those on finer branches as short as 23x270^. Zoospores 
10-11-3/1. Oogoiiia on short lateral branches, which vary in length from 
less than, to U times the diameter of the oogonia, 01 -4-70 - 5 / 1 , wall thin, 
not pitted. Kggs 2 9, 24 -0-30.8/1, mostly 27 -O/t. many without anthcridia, 
others with 2 or more. Aiitheridia diclinous, attached by feet. 

Gtowih in culluye. — On house-fly in distilled water — vegetative growth 
fair, about 1 cm., open, hypha.^ stout, zoosporangia iflentiful, no oogonia. On 
distilled water- -as above, oogonia formed only in old cultures 
after one month. 

Collected from I,ahore, Amritsar and Gujranwala. 

14. A. dukia Coker, var. pigimniu, ii. var. 

PI. XI. Pig.s. 1-J2. 

Growth slightly dense, hypha:? .stout, reaching 1 cm. on egg-yellow. 
Ilyphje 27 -G -3G-8/x, branched, straigh.t. Zoos])orangia thicker, 3()-r)7 X 
370-720/i, long cylindrical, outlines regular ajid straight. vSccondary ones 
arising by cymose branching from below the jniniary ones. Chlamydo.spores 
abundant, produced in groups, of various shapes. Zoospores coming out 
occasionally in groups and collecting at the ti]), mostly retained within the 
zoosporangium and germinating there. Oogonia plentiful, on short lateral 
stalks, which are upto as long as the dianu^ter of the oogonium ; diameter 
39-2 02 /i, wall smooth, thin, yellowish or dark. l\ggs 2-9, usually 3-4; 
21-4-21-5/i in diameter. Anthcridia diclinous oi androgynous, mostly 
former, branched, attached b}” feet to the oogonial wall. 

Growth in culture, -Ow housc-lly in distilled water — vegetative growth 
dense, zoosporangia abundant, only few chlanudospores, no oogonia. 
Chlamydospores abundant on boiled corn grain. On egg-yellow^ in distilled 
water —vegetative growth fair, chlamydospores a])undant, oogonia after a 
week, some without aiitheridia, zoo.sjiorcs liberated or retained in some. 
A culture on corn grain transferred to 0-1% solution of leucine produced 
abundant oogonia ; anthcridia on all. 

Collected from Jyahore and Gujrainvala. 

A. duhia pigmenta differs from A, dithia in its small-sized oogonial stalks 
and smaller eggs. It is characterised by its chlamydospores, coloured 
oogonial wall and constantly occurring diclinous aiitheridia. 

15. A. deBaryana riumphrey. 

Pi. XI. Pigs. 9-31. 

Growth very dense; 1-75 cm. on egg-yellow\ Hypha' .strong, 19-26/x 
thick, more or less branched, or ending in zoosporaiigia, which are somewhat 
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elongated or occasionally clavate, 27-G-3()-7/x thick; secondary ones not 
so common. »Zoosi)ores large, 1 2 • 1-14 *0 Chlamydospores very abun- 
dant, of various shapes mostly in chains or branched, each opening by one 
or more lateral pores. Oogonia abundant, borne on short lateral stalks, 
or very often intercalary, single or in chains, varying much in form, normally 
spherical to sub -spherical, very often of abnormal shape, cylindrical or 
oval, fX'ca.sionally double, rarely with one or more papilla?. 47-61 -4)11 in 
diameter. Wall thin and smooth. Kggs 2 -many, spherical centric, 21*6- 
30-7;Lt; antheridia not always present, diclinous or androgynous, mostly 
latter. 

(inneth in culture.— On house-fly and on egg-white in distilled water — 
growth rather open, zoosporangia and chlamydospores abundant ; oogonia 
formed in cultures, after 15 days. On egg-yellow in distilled water — growth 
deiiSL' and long ; zoosporangia not so abundant ; chlamydospores plentiful, 
of various shapes ; oogonia developed luxuriantly in 2-3 days ; many 
abnormal oog<juia occur, occasionally double and produced in old zoo- 
sporangia, cylindrical. A culture on house-fly transferred to 0*1% solution 
of leucine produced very few oogonia, variously sha])cd ; few chlamydo- 
spores here jind there. On egg-yellow in solution of Potassium 

phosphate — growth fair, rather open, few chlamydospores ; oogonia rare. 
On fly in 0-17o solution of Potassium nitrate- growth delicate, open, very 
few hyplue. 

Collected from Amritsar. 

This species agrees with Porbes’ descrijdioii of the species fundamentally. 

10. A. apiaries Alaurizio. Flora, 1891, 79, 135, PI. 4 5. 

PI. XII. rigs. I 10. 

Growth dense, stout, l'2cin. on egg-yellow’. Ilypha^ delicate, fine, 
scarcely branched 12 ■3 -27 -6 /x thick, wavy. Zoosporangia thicker, elong- 
ated or narrow clavate, 31-1-10x222 50 1 jLt, occasionally as fine as 19*1 /x. 
Chlamydos])ores abundant, cut off from below the zoosporangia by transverse 
septa, therefore in cliains, cylindricul. Oogonia abundant borne on short 
lateral stalks, which vary from as long as, to more than twice as long as the 
diameter of the oogonium, 15 -3-67 *5 /x in diameter, spherical or slightly 
ovate, wall smooth, thick and yellowish. Eggs 1-G, spherical, 24*5- 27 -G^x, 
eccentric. Antheridia not ahvays present, mostly diclinous, branched. 

Growth in cullure . — On house-fly in distilled w-ater— zoosporangia and 
chlamydospores only. A few^ oogonia on cgg-wliite. On egg-yellow^ in 
distilled water — dense vegetative growdh, 1 *5 cm., oogonia plentiful with 
ripe eggs, many eggs degenerating, zoospores often retained. On a fly in 
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0*1% solution of Potassium phosphate — only isolated hyphre here and 
there, scarcely branched, sonic bearing zoosporangia at Iheir tips, (bi house- 
fly in 0-1% solution of Potassium chloride- -no growth. 

Collected from Amritsar and Oujranwala. 

Forms without Oogonia. 

17. A. sp. No. 1. 

PI. XII. Pigs. 

Growth open. 1 cm. on egg-yellow. IIy|)ha' d(‘licate, more or less 
branching, upto loO/i near the sub-stratum, ultimate branches as fine as 
9'5/x. Zoosporangia abundant, or narrowly cylindrical, 119-9 x 227 /x, 
with a long apical papilla ; secondary ones rare, no chlamydosjiores. Sexual- 
ity not observed. 

Growth in cullure. — A study of this was made in all the cultures previ- 
ously used, but no sexual rejiroduction was observed. 

Collected from Lahore. 

18. A. sp. No. 2. 

PI. Xn. Pigs. 15-10. 

Growth dense near the base, open outwards, 1 -5 cm. on egg-yellow in 
di.stilled water. Ilyplne moderately stout, slightly branched, upto 811 /i 
near the base, falling to 2 i()/a outwards. Zoosporangia broadly cylindrical 
or narrowly oblong, X‘102--508/t, Chlamydospores abundant formed 

by the .segmentation of hyjdicc. 

Groidh in culture. — As in sp. no. 1. 

Collected from Lahore. 

19. A. sp. No. 2i. 

PI. XII. Pigs. 17-19. 

Growth rather dense, delicate U])to 2 cm. on egg-yellow. lIy])htT. 
:h)-51 ft ; zoo.sporangia long clavate to cylindrical with pointed ends, 40- 4G 
x70 l40/i. Chlamydosj)ores abuiulant, formed by the segmentation of 
hyplee, therefore in chains, those lower in the series usually elliptical, the 
terminal one cylindrical ; zoosimres germinating within the zoo.sporangia. 

Growth in culture. — As in A. sp, no. I. No sexuality induced in any 
culture medium. 

20. A. sp. No. 4. 

PI. XII. Pigs. 20-23. 

Growth open, moderately stout, short, 1 cm. on egg-yellow. Hyphac 
strong, 55*8-70/11 at the base, upto 33 *5/1 outwards, profusely branched. 
Zoosporangia more or less oblong or occasionally cylindrical ; secondary 
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ones few, I at a point, 39*9 48x350-44 0/x, c3'^lin(lrical ones as long as 
J()50/x. Clilamyflosporcs almnclanl, terminal or intercalar}’’, single or in 
chains, usually short, sub-globose, ovoid or 11 ask-shaped, often elliptic to 
rectaiigiiUir. Zoosporangia and clilamydospores sometimes with apical 
papillai. Zoospores coming out in mass, spherical, 9 -8-10 -2/1. 

Groidh in culture.— cultural study of this form has been made, 
but all the media em])loyed in other forms failed to induce sexuality ; onl}" 
on corn grain in distilled water, chlamydospores were more abundant than 
in others. Zoospores always liberated. 

Collected from Amritsar. 

I'ainily Rhizidiaceae. (ienus RItizidiomyces Zopf (1884 : 188). 

21. R. apopliysaius Zopf, Nova Acta Cad, Leap., 1884, 47 , 188, PI. 
20, Pigs. 1- 7. 

PI. XII. I'igs. 24 29. 

Sporangia s])hcrical or sub-spherical, varying greatly in size, from 9/i 
to 22/x,, seated on the surface of the oogonia of A. Klehsiana and sending 
fine tube-like bodies into the interior of the host. Spores 3 ’5-3 *7 p. thick. 
Disorganises the eggs, which break into pieces, and prevents their further 
develo])mcnt. 

I'ound i)arasitic on the oogonia of a culture of A. Klehsiana, developed 
from sample Ni). OO. 

Summary and List of Species Noted. 

An examination has been made of the waters from various pools and 
ditches of the Dahore district of tlie Punjab and 20 species of water-moulds, 
most of which have not bee Ji noted before in this country and some new 
forms, have been recorded. These have been groAvn in various culture 
media and their cultural characteiistics studied. P'ull diagnoses of the 
s])ecies have been given and differences, if any, from the older descriptions 
have al.so been noted. All tlie ty]>es described in this paper are fully illus- 
trated. Iiioculation experinicnts with a parasitic form — Saprolegnia para- 
sitica var. Koccliuri, n. var. — have been made. The following types have 
been described : — 

Saprolegnia parasitica ; S. parasitica var. Kocchari ; Aplanes sp. ; 
Isoachlya monilifera\ Protoachlya paradoxa ; Achlya americana ] A. proli- 
feroides ; A. Jlagcllat a ; A. imperfecta ; A. Kashyapia n. sp. ; A, Klehsiana ; 
A. conspiciia ; A. dubia ; .1. diibia var. pigmenia ; A. deBaryana ; A. aplanes ; 
/I. sp. Nos. 1 to 1 (without oogonia) and Rhizidiomyces apophysatus. 



/ ndian Water-Moulds 


151 


Barnes, B., and Melville, R. . 
de Hary 
de Bary 
Butler, E. J. 

Butler, E. J. 

Chaiidhuri, II. 

Coker, W. C. ... 

Coker, W. C., and Braxton . 

Cook, W. R. I., and Forbes, 
E. J. ... 

Kitzpatrie, IT. M. 

Forbes, E. J. 

Harve J. V. 

Huinpbrej\ J. E. 

Kanouse, B. B. 

KaulTinan, 0. H. 

Klebs, 0. ... 

M assee, f t. 

Von Mindeii, M. 

Von Minden, M. 

Pieters, A. 0. ... 

Petersen, A. G. 

Rainsbotloin, J. 


LITERATURE CITED. 

Trans- Hr if. Myr. Snc.. V)32, 17. 

Ht'ii. Morph, u. Hhys. d. PiL‘c., 1881. 

Hot. Xcit.. 1888, 46. 

Mem. Dept. Auric, hid. Hot., 1907, 1. 

Ann. Hof., 1911, 25. 

Achiv. f. Prol., 1931. 75. 3. 

The Saprolef/niacetc, 19J3. 

Jour. lilisha Mitch. Sci. Sor.. 1926, 42. 

Xalure, 193.^ 132. 

'The f.Otcrr Tiiitifi, 1930. 

Trans. Brit. Myc. Sac.. 1935, 19. 

J. lUisIia Mit. Sci. Sor., 1925, 41. 

Trans. Antcr. Phil. Soc., 1893, 17. 

.finer. Jour. Hot., 1927, 14. 

Ann. Hot., 1908. 22. 

Jahs. iris.v. Hot., 1899, 33. 

British Iniin/i, 1891. 

Krypt. Flora Mark Hra.ssden, 1912, 5. 

Myc. I nfers: u. Her von Dr. R. I'alrk., 1916, 2. 
Hot. Gaz., 1915, 60. 

Ann. Myc., 1910, 8. 

Trans. Hrit. 3fyc. Snc., 19U 16, 5. 


KXPl.ANATIOX OF PI.ATJ-v^^. 


(.V./L--A11 nstircs reducetl to 7/16 in reprtjdurtion.’) 


Pj.ATK \T. 


I'ics. 1-6 . — Saprolcifnia parasitica, var. Kocchari. 

1-2. Different slaj^es in z«>nspnre furination. 1-40. 

Imos. 3—1. ('jenniiiation of zoospores inside /oos.-orani»inni. V 140. 

S. —Hehme cancinnia naturally infee1e<l. Reduced •}.\. 

I*ir.. 6. Pl«)t('s of 3 otlier lislies, jjrtilicially infected. Reduced ’/.. 

Fir.s. 7-19. Saprolei/nia parasitica. 

Fn'.s. 7, 8, 9 & 10. V'arions for^is of zoo.sporan.i6 a sluminj* internal proliferation. ).( 140. 
11. Zoospores. 610. 

I'ln. 12. -A part (d zoosi)or:mi;ia slio\viiij> internal proHfi-ration. X 
Pic.s. 13, 14, 15, 1(., 17 .'t 18.- CMilaniydo.sp.)rcs. X 
Imo. 19. Z<.)osi)oranj>i:i pndiferating. X 
]‘'i(;s. 20 29.— .1 planes Sp. 

J*'ir.s. 20 21.- -Zo()sp(;ran;^ia, (1) .showing l)olIi interna] and lateral proliferation; (2) sbowinjj 
internal proliferation. X 
Kio. 22. — Zoosporangia. X 

Fio. 23. — Intercalary chlainydosporc. X 
I'm. 24. — Intercalary and tenninal clilaniytlospores. X 
Fir.s. 25, 26, 27 iS: 28. ~^^a^ious forms of cIiIamy»losi)ore.N. X 
Fig. 29. — Clilamydo.spcires rnctainorfilioscd into zoosporaiiRinin. X 

J»I..\TK VI. 

Fics. 1-9. — I.soachlyn monilifrra. 

FiC. 1. — Internally proliferating zoospnrangiiini with zcM»spoves. X '^7“* 
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Fi(‘. 2. Ch]ainycli).siM>rt*s, oiu! with zoospores, some gcrininatiiig within. 372. 

Kir.s. 3-4. - ZocFsporaiij-ia (3) X X 

Fjo. 5. Chluniytlo>pori*. X 

Fic. 6. — llahil of ougonia with ripe eggs. X '^72. 

Fir,. 7. An oogonium on a zoosporanginin. X 
Fir. 8.- A double oogonium with snialt eggs. X ^72. 

Fir,. y. -An oogonium with ripe eggs. X 
Figs. 10 25 . — Protmtchlyn panuloxit. 

F'ig. 10. Hahit of zoosporangia. X 

11. Zoosporanginin liheraling ztsispurcs. X 
hiG. 12. A jiarl of zoosporanginin showing ellipliral zoospores. X 
Fir.. 13. — Zoo.sptue.s, one germinating. X 
F'ig. 14. -Part of zoosporanginin, zoospores spherical. X 
Imc.s. 1.5 U». IIal)it of chlamydosiiorcs. X '^7-- 
Img. 17. Ottgoninm. X hlO. 

h'lG. IS. Oogonia with anlhcridia. X ^^2. 

Imgs. ly 24.- Clilainvdosporcs of various types. X 

Fig. 25. -Chlamjclosporc melamori»hosed (o zoosporanginin. X 

Pi, ATI-: VII. 

Figs. 1-11. Achlyn amcrimna. 

Fig. 1. -Oogonium with diclinous antheridia. X 

Figs. 2-3. - Jlahit of zo< i.sporangia. X 

Fig. 4. --Z<»osp<.>re.s. X 

Fig. 5. — Ilal-it of chlamydospores. X 

Imc,. ().- Habit of oogonia. X 

Fig. 7, OogiMiium with androgynons antheridia. X 

Fig. S. Cylindrical oogonium with ripe eggs. X 

Figs. 9 10. • 0«»goiiia with z<H»spc»raiigia. X 

Img. II. ],arg«* ongoniiiiii with ripe eggs. X 

Imc.s. 12-10. --. /( ///vi? prnlifcrtndes. 

h'iGS. 12 13. Habit of zofispnraiigia. X 

h'lr.s. 14 IS.— -Habit of chlamyilospore. X ^*^5. 

Fig. lO. ---Habit n( oogonia. X 

Img. 17. -Oogonia with diclinous .iiithcridia. X 

Imc., 18.- Oogonia with zoosporangiuin. X 

Fig. 19. Young oogonium with aiillieridiiim. X ^^^5. 

Ih.ATK VIJI. 

Imgs. 1-8. -ytihlwj jlancllatn. 

Figs. 1 2. Hahit of zoosporanginin. X 
Fig. 3. Zonspures. X hlO. 

F'ig. 4. — ZoDsiiorangia with lateral openings. X 

F"/g. 5. — Habit of oog<aiia. X 

l'"iG. 0. -Oogonia oil zoosporaiigia. X 

Fig. 7. Mature oogonium willi rijic eggs. X ‘^^2. 

Fk;. 8.- Yj.mng oogonium with antheridia. X 
I'bGS. 9 20. Adilya iinf'i'rfccta. 

Fig. 9. — l^liotograph of a culture on egg yolk. 

Figs. 10-11.- Habit of zoo.sporaiigia. X 
Fig. 12.— Zoospores. X 

Figs. 13-14. -Chlamydospores (4) X X 
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FiC. 15. — Habit of oop:onia. X 

Figs. 16 17. — Peculiarly notched double (M)>;oiiia. X 

Fig. 18. — Chlamydo.spores. X 

Figs. 19-20. — Oogonia with anthcridia. X 

Plate IX. 

Figs. 1-10 . — Achlya Kashyapia. n. sp. 

Figs. 1 3. Habit of zoosporangia too with lateral openings. X 

Fig. 4. — Habit of oogonia. X 

Fig. 5.- Oogonia with diclinous anthcridia. X *^72. 

Fig. 6. — Chlaniydosporcs. X 

Fig. 7. — Double oogonium, the. central egg sbai)ed as the of>goniuni. X 

Figs. 8-10.- Oogonia with antberidia. (3, 5) X i^) X 
Figs. -Achlya Klchsiami. 

Figs. 11-13. Habit of zoo.spcjrangia. X 
l‘iG. 14.- Zoospores. X 
l^'iG. 15:- — Habit of oogonia. X 
Figs. 16-17.-— Oogonia with anthcridia. X 

Plate X. 

Figs. 1-8.- -. le/i/ya cnuspicua. 

Fig. 1. --Diebtyuebus like zoosporangia. X 

b'lG. 2. Habit of oogonia. X 

Fig. 3. — Zoosporangia with peculiar oogonium. X 

Figs. 4-5.- -Oogonia of abnormal shapes. X 

Fig. 6. -Notched oogonium with antberidia. X 

Fig. 7.-- Zoosporangia showing branching. X 

Fig. 8. -Typical habit of zoosporangia. X 

Figs. 9 -14. .Ichlya duhia. 

b'iGS. 9-10.— I-Jabit of zoosporangia. X 

Fig. 11. — Zoospore formation. X 610. 

Fig. 12. Habit jjf twigonia. X ^*^6. 

h’lG. 13. Oogonium with diclinous anthendia. X ^72. 

Fk;. 14. — An oogonium with malure^ggs. X 610. 

^ Plate X I . 

Figs. 1-12.- -. /c/i/yn duhia v.ar. pi<nucuta n. var. 

Fi(;s. 1 2. Normal habit of zoosporangia. X ^"^6. 

I‘‘ig. 3.- - Zoosporangium. X '^72. 

Fie. 4.- Z«»ospore.s. X 610. 

1'tg. 5. — Habit of oogonia. X 610. 

Img. 6. — Two oogonia in chains. X 610. 

Fig. 7. — large iM)goiiium with ripe eggs. X 610. 

Fig. 8. -Oogonium with diclinous anthcridia. X 610. 

Figs. 9-31 . — Achlya dc Haryana. 

Fig. 9. — Zoosporangia. X 

Figs. 10-11 & 13-16.--Chlaniydosporcs of various types. X ^"^6. 

Fig. 12.-— Tw'o types of oogonia borne on a hyplia. X 
F'ig. 17. — Intercalary oogonia in chains. X -^72. 

Fig. 18. -An oogonium with a long papilla. X 610. 

Figs. 19-21. — Abnormal types of oogonia (11, 12) X ^72; (13) X 610. 
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Kio. 22. — An oval oogonium with an anthcridiuni. X 
Fig. 23.-- a cylindrical oogonium. X ^72- 
Fig. 24. — Oogonium in an old z(K)sporangium. X 
Figs. 25-20.-- -Abnormal oogonia. X ^^2. 

Fig. 27. — Oogonium at the tip of chlamydospores. X 
I^k;. 28. — Triangular ofjgonium with ripe eggs. X 
Fig. 29. - An abnormal oogonium. X 
Figs. 30-31.' Oogonia with zoosporangia. X 

Pi.atkXII. 

Figs. 1-10.— -'/r/i/ya aphiies. 

Figs. 1. 2, 7, 8, 11. -Chlamydosiiorcs of various forms. (7) X others 
X HS. 

Figs. 3, 4. — Ifabit of zoosporangia. (3) X X ^'^'*** 

Figs. 5, 0.- An oogonia with zcHisiiorangia. X 
Fig. 9. - Habit of oogoni.a. X ^^5. 

Fig. 10. An oogonium with diclinous antheridia. X *^72. 

Figs. 12-14. Achtya .r/». No. 1. 

h'iGS. 12-14.- Various types of zriosiiorangia. X 

Figs. 15-16.— .tchfya j/>. No. 2. 

Fig. 15.- -Zoosptirangia. X 
Fig. 16. — Zoo.sporangia. X 
Imgs. 17-19.- Achlya sp. No. 3. 

Figs. 17, 19.— TTabil of zoosporangia. X 
Fi(‘,. 18.— Habit of chlamydosprircs. X 

Figs. 20-23.— Achlya sp. No. 4. 

Figs. 20, 23. — Chlamydospores formed intercalary. X 
J^'iGs. 21, 22.- Zoosporangia with apical papilla. X 
F'‘igs. 24-29 . — Nhisidiotnyccs apnphy.mius. 

Figs. 24-25.-- -Sporangia of the parasite on oogonia of A, Klcb.^inna. X tilO. 

Fig. 26.- Spores resting on the oogonium. X 

Fig. 27. — Parasite sending rhizoids in the interior of the host. 

Fig. 28.- -Showing two empty zoosporangia of the parasite at (A). 

Fig. 29. -A photomicrograph showing the parasite on Ihc oogonia. 
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GASTRIC MILL IN DECAPODA. 


VI. The Structure of the Gastric Mill in Natantous Macrura*-— Penaidea 
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Keccived July 9, 1935. 

(Communicated by Prof. M. A. Moglie, m.a., m.sc., f.z.s.) 

/. Introdiictio7i. 

In thir paper I propose to describe the structure of the gastric mill in the 
only remaining tribes of Decapoda, viz., Pena'idea and vStenopidea. In the 
various forms of these tribes, the ga.sti'ic mill presents apj)ea ranees differing 
in degrees of complexity. In this concluding jjart of my work I propose 
also to give a historical account of the work so far done on the subject, 
a brief modus operandi of the gastric mill and a resume of my entire work. 

2. Structure of the Gastric Mill in Penceidea and Stenopidea. 

[a) Material and The material at my disposal consists of 

the following species of Penscidea and vStenoi)idea obtained from the Bio- 
logical Supplies stations at Ennur and Naples or from the Collections of the 
Zoological Survey of India, Calcutta. 

Tribe: Peiucidea. 

I'amily : Penaeid;e. 

PencDus indicus M. lidw.^ 

Penceus semisulcatus^\ )ettaan .* 

Metapenaaus affinis M. Edw.' 

Penceopsis monoceros Tabr.* 

ParapencBopsis stylifera AI. Edw.^ 

A ristceus semidentatus sp. Bate.® 

Haliporus ccqualis sy. Bate.* 

Earail}’^: Sergestidac. 

Acetes indicus M. Edw.* 

Sergestes bisulcatus Wood Mason.* 

I am aware that the arrangement of groups of Decapoda followed in these papers 
is obsolete. It has been followed merely for the convenience of description. 

^ From Ennur. 

* From the collections of Zoological Survey of India. 

155 

B2 F 



156 


S. S. Patwardhan 


Tribe: Stciiopidea. 

Family :;Stenopidte. 

Stenopus sptnosus Risso.® 

The fore;<uts were dissected and treated with a weak solution of caustic 
soda as I did in the other forms. 

(h) t'orcf^ut of Penoeus indicus M.Edw . — Reddy (19;15) has given an 
excellent and well-illustrated description of the foregut of P. indicus and 
I shall, therefore, describe it very briefly. 

From tlic roof of the oesophagus (Fig. 1, t.) project a gronj) of six sharp 
spines, into its cavity. These spines, 'the cesophageal teeth' of Reddy, 
arc interposed between the opposing surfaces of the molar processes of the 
mandibles, 'fhe cardiac stomach is elongated. Its floor is narrow and 
is separated from a i)air of lateral folds [ni.f.), one fold on each side, by a 
l)air of dee]) ventral grooves. JCach of the lateral folds bears a comb-like 
row of still setie projecting over the ventral groove of its side. 

The lower half of the lateral wall of the cardiac stomach is thick and 
calcified, forming an infero-lateral cardiac plate [i.l.c,) which bears a single 
longitudinal row of prominent denticles called "the supra lateral teeth" by 
Reddy. This plate is separated from the lateral fold of its side by a dee]) 
groove which is covered over by seta? borne on the lower edge of the infero- 
lateral cardiac plate. The niesocardiac ossicle (/«.c.) is a small triangular 
curved plate with its apex pointing forwards (Reddy describes it as pointing 
backwards). Fach of the paired ])terocardiac ossicles (pt.c.) is iiarrou 
and elongated and runs obliquely downwards from the base of the 
niesocardiac ossicle. The pyloric ossicle (/).) is less calcified and membra- 
nous. It is a triangular piece with its apex ^pointing backwards. Fach of 
the paired zygocardiac ossicles (^.c.) is roughiyitour sided and projects into llu* 
cavity of the cardiac stomach in the form of a curved ridge. Antericrly 
it is connected with the lower end of the pterocardiac ossicle and tiie 
])o.stcrior edge of the infero-lateral cardiac jdate. Fosteiiorly it is attached 
to the pyloric o.ssiclc. The meib'aii projection of the zygocardiac ossicle, into 
the cavity of the cardiac stomach, bears the lateral tooth consisting of a 
strong pointed anterior denticle followed by a single curved row of small 
denticles, deeply pigmented yellow or brown. The urocardiac ossicle (?/.' .) 
is plate-like with its sides curved inwards. Its anterior end is conical and 
articulates with the niesocardiac ossicle and the pterocardiac ossicles, while 
its posterior end bears a median tooth consisting of a stout median 


3 From Naples. 
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<1enticlc at the apex and a row of sniall sharp denticles along the sides. The 
propyloric ossicle (/>.^.) is triangular and curved (absent according to Reddy), 
with its apex pointing backwards and downwards and articulating with the 
lower end of the urocardiac ossicle. Its base is connected with the pyloric 
ossicle. The cardio-pyloric valve is wedge-shaped and membranous, covered 
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over with elongaterl setfe. The pyloric stomach is narrow^ but relatively 
lousier than in the groups ])reviously described (Patwardhan, 1035) in which 
the gastric mill is ])resent. It is divided into tw’o chambers, a dorsal and a 
ventral l^y a pair of lateral folds of its wall. The ventral chamber contains 
the characteristic liltering ap])aratus. The opening of the pyloric stomach 
into the midgut is guardcMl by two pairs of elongated \ alves, one pair on 
each side, and a small median ventral valve, all of which project backwards 
into the Inmen of tlie midgnt. 

(c) A comparative account of the <^astric mill in Penccidea— The ttso- 
l)hagcal teeth arc present in all Pemeidie examined by me except in Aridecus 
and in Sergestidie. The o])eiiing between the (esophagus and the cardiac 
stomach is not guarded by any special valves in Penaddie but in Sergestidte 
(h'igs. 5 and 0) a pair of lateral triangular valves is present. The cardiac 
stomach is usually elongated as in Penecus but in Arislceus, Mali poms and 
Ser^eslcs (h'igs. 3, 4 and ^I) the roof of the cardiac stomach is dilated anteriorly 
into a dome-shaped ])roininence. The Ihxjr of the cardiac stomach is 
gLMierally similar to that found in Penevus exec]'*! that in Haliporiis (h'ig. 1) 
the lateral fold is reduced to a ridge. The infero-lateral cardiac plate is 
apparently continuous with the zygocardiac ossicle of its .side in tho.se forms 
in which it bears a lojigitudinal row of denticles, ej.g., Pencens, Arislcvus 
(h'igs. I and 3), Poucopsis, Metapenceus and Parapemeopsis, while in Mali- 
poms, Aceles and Serf^estes (h'igs. 4, 5 and <>) it is distinct from the zygo 
cardiac ossicle. In Acetes and SerL^estes the infero-lateral cardiac plate is 
covered over with elongated setje. There is an additional lateral fold of 
tlic wall of the cardiac stomach .situated dorsally to this plate iji vSergestida?. 

The thickness e.nd degree of calcilicatiim of o.ssicles, especially of those 
ossicles which bear the teetli and the j)rc»mi;ienre of tlie denticles forming 
a tooth are a measure, to a certain extent, ot’ the efliciency of the gastric 
mill as an organ of mastication. Of the two families, Peiueicke and Sergestuhe, 
the latter posse.sses a more ellicient gastric mill. 

Among tlie Peiucidte, a number of deviations from a typical form are 
met with in Aristceus and Halipoms : the principal ossicles of the gastric 
mill are well differentiated but are thin and far less calcified than in the rest 
of the PciKcidie examined by me. In Aristccus the zygocardiae ossicle does 
not project to a great extent in tlie cavity of the cardiac stomach. The 
lateral tootli consi.sts of a large anterior denticle (Pig. 3) followed by a single 
cuived row of small denticles. The median tooth, however, is similar to 
one found in Penwus. In Halipoms (P'ig. 1) the zygocardiae ossicle seiul-s 
a pyramidal projection which bears anteriorly three vertically disi)oscd large 
denticles and a curved row of small denticles as in Ariskens, The median 
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tooth is as in Penmis. In all the remaining Penaeiche examined by me, the 
structure of the gastric mill is more or less similar to the typical one of 
Pentvus excepting the disposition of the* denticles on the lateral tooth, e.g., 
Pencvopsis (Pig. 2) in which the anterior large denticle is followed by a double 
curved row of small denticles. 

In vSergestidae, the ossicles of the gastric mill are relatively well diilercn- 
tiated, thick and densely calcified. The zygocardiac ossicle (I'igs. 5 and 6) 
is very prominent and bears a thick broad projection into the cavity of the 
cardiac stomach. The lateral tooth consists of, in Aceies (Pig. h) of three 
large anterior denticles which form a vertical row and a pair of curved rows 
of small denticles and in Serf^estes (Pig. (5) of six anterior large denticles in 
two vertical rows, separated by a deep notch and a pair of curved rows of 
small denticles. The median tooth is similar to one found in Penceus, but 
relatively stouter. The large and more ellicient lateral and median teeth 
may explain, to some extent, the absence of the rows of denticles on the 
infcro-lateral cardiac jdates in these two types. 

The remaining ossicles in the forms examined by me are similar in shape 
but vary in size and in thickness and calcification in correlation with the 
nature of the zygocardiac ossicle. 

(d) The structure of the gastric will in Stenopus spinosus Risso — An 
examination of the stomach of the Stenopus spinosus Risso. reveals that the 
oesophageal teeth are absent (Pig. 7) and the opening between the ccsophagiis 
and cardiac stomach is not guarded by any special valves. The cardiac 
stomach is not elongated as in Peiuekhe or Sergestidix* but it is roughly box- 
shaped. The floor and the sides of the cardiac stomach resendde in structurt 
those of Penceus except that the lateral folds arg reduced to mere ridges and 
the infero-lateral cardiac plates do not bear kmgitudinal rows of denticles 
but each bears two short and curved rows of small denticles one behind the 
other, on its dorsal narrow portion. The various ossicles of the gastric mill 
have a definite outline but are not sufficiently calcified. The zygocardiac 
ossicle is not clearly distinguisheJ from the rest of the w^all of the cardiac 
stomach, the infero-lateral cardiac plate being continuous with it dorsally. 
The zygocardiac ossicle does not project into the cavity of the cardiac stomach 
to any appreciable extent. The lateral tooth consists of three anterior 
large denticles and live to six small posterior denticles. The urocardiac 
ossicle is broad and heart-shaped in outline and bears at its apex a curved 
median tooth. The broad urocardiac ossicle and the curved median tooth 
are of the same simple nature and have the same disposition as in Ceraiaspis 
(see Pig. 166, Caiman, 1909) and in some Caridea (Patwardhan, 1935). 
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{e) Structure of the mandibles. — The mandibles in Peiueidea and vStenopidea 
are interincdiatc in structure between the simile ones in Reptantia and the 
complex ones in Caridea. Typically the mandible (Pii;. 8A) consists of a 
l^roxinial hollow portion called the a])()physis and a distal solid portion 
called the head comprising a sharp incisor process bearing on its superior 
or inner surface a molar process. The molar ])rocess is so reduced as to con- 
sist of a rounded prominence capped with a Hat denticle deeply pigmented 
yellow or brown. The most interesting difference between the typical 
Caiidian type of mandible as of Palannun (I^atwardhan, Itirio) and of Penmd 
type, is the reduction in the latter group of the height of the molar ])rocess. 
In the PeiKvid group it does not extend beyond the cutting edge of the 
incisor process so as to make a d<^ep cleft between the two processes. This 
levelling down of the molar ptocess is a measure of its inellicieiicy for masti- 
cation, a function partly di.scfiarged by the gastric mill in this group. 

In Penceus, Penecopsis (I'ig. 8 a and b) and Parapenccopsis the cutting 
edge of the incisor process is serrated and in Aristceus and Acetes (Fig. 8 c 
and e) it is deeply cleft. The molar process bears a single Hat denticle in 
Penu’us, Penevopsis (Fig. 8rtand^), Metapemens and Parapenecopsis, while 
ill ArisUeus it bears two denticles of uncijual size (Fig. 8c). In Acetes, 
Sergesies and Lucifer (Fig. 8 c,/ and g) the masticatory surface of the molar 
process is fringed with a row of short spines. 

In Stenopus (Fig. 8 h) the incisor process is deeply indented while the 
molar process is slightly more elevated and bears two sharply edged denticles 
of unequal size. 

(/) Discussion. — Species of Pena?idea and Stenopidea examined by me 
indicate that there is a gradation in the complexity of the structure of the 
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gastric mill, Stenopus having the simplest structure and the remaining forms 
may be arranged in an ascending order of complexity as follows : Arhiaus, 
Halt poms f Penceus, Penceopsis, Acetes and Serqestes, Cerataspis, described 
by Bonnier (1890) has the simidest form of gastric mill in the Pengeid group 
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ill which the ossicles of both the dorsal and the lateral series arc absent 
(Caiman, 1900). It is quite ]jossible that the simple nature of the gastric 
mill ill Cerataspis may be secondary and not i)rimilive for the following 
reasons : we find that in Slenopus the gastric mill though simple is certainly 
more advanced than in Cerataspis. Taxonoinically Steno])idca is more i)ri- 
mitive than Petueidea (Horradaile, 1907). A study of fossil remains of Crus- 
tacea indicate that representatives of Stenopidca a])]iear earlier than those 
of Penieidea or lower Reptantia (Caiman, 19oi); Zittel, 19i>7). I'rom these 
considerations, it may not be wrong to regard the sini])lc condition of 
gastric mill obtained in Cerataspis as derixed by reduction of the gastric mill 
which was more complex. Such a reduction and disap])earance of sclerites 
and consequent simpliticatif)n of the gastric mill lias lieen recorded in many 
Caridea (Caiman, 1909; Patwardhan, 19:i5), in (Orton, 1927 and 
Nicol, 19:V2), in plankton feeding crabs, Ilaplocarcinus and Cryplochints 
(Pott, 1915) and in Lucifer (brook, 18^2 and Rosenstadt, bSIXi), due to 
variations in the habit and habitat and the quality of the food of tlie animals. 

It would be an interesting study to understand the reasons underlying 
the simjdilication and disjqipearanco of the gastric mill in Caridea anrl 
Peiiccidea. The reduction of the gastric mill is eflectcd by two causes, the 
nature of the food material and the habit and habitat of tlie animals. The 
food material of the. majority of Cardiea and Peiueidea is free from hard 
coverings of chi tin or calcium salts and does not necessitate great labour in 
freeing the digestible from non-digestible portions of food. The external 
masticatory apparatus, cliieily the mandibles, are mainly cc.'ucerncd in grind- 
ing the food into a fine powder. 

A])art from the (luality of lood, the swimming morle of locomotion of 
these animals gives them a c,ertain amount of conridciice which enables them 
to contimie external masticat'Am to a proper stage before the food is .swallowed. 
A majority of Caridea, living in various ih'pths, are good swimmers. Penieid 
groups are ])articularly fond of .sliallow warm seas and in India they swarm 
the muddy waters of iiunierous deltas of the Hay of Hengal (Alcock, 1901). 

3. The modus operandi of the (iastric Mill. 

The iirocardiac ossicle usually lies along the median line, slightly ])resscd 
downwards at its posterior end (h'ig. ^Ja). The proj)yloric ossicle usually 
lies in an oblique position with its broad base directed anteriorly and the 
narrow lowx*r end directed posteriorly and articulating with the lower and 
posterior end of the iirocardiac ossicle. 

Huxley (1880) regarded that botli the anterior and posterior gastric 
muscles brought about’ movements of the median tooth. According to him, 
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the anterior gastric muscles pull the urocarcliac ossicle forwards which carries 
along with it the median tooth. Due to the oblique position of the pro- 
pyloric ossicle the latter assumes a vertical })osition and in reaching this posi- 
tion it presses the median tooth downwards (Fig. 9«). So the movement 
of the median tooth instead of being in a straight line along AM, is along a 
curved ])ath ]\IM'. The posterior gastric muscles which pull the base of the 
propyloric ossicle backwards .also help in making this ossicle vertical and thus 
share in pressing the median tooth downwards. 
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McK'quard {188;i) confirmed the general disposition of the urocardiac 
and the propyloric ossicles as described by Hiixle^". ]\loc(|nard made his 
observations on a living crab Slcnorhynchus in which the cara])ace was so 
transparent as to permit him to observe the action of the muscles. He states 
that the i)osterior gastric muscles have very little share in bringing about the 
vertical movement of the propyloric ossicle. They help only in kee])ing 
the ossicle in position while the contraction of tlie anterior gastric muscles 
alone pulls the urocardiac and also the lower end of tlie i)ro])yloric forwards 
(I'ig. 9Z>). The oblique position of the propyloric ossicle is responsible for 
jjressing the median tooth downw'ards while the os.su'le assumes a vertical 
position during its forward movement. 

Reddy (1935) on the other hand, thinks that the j)ressing down of the 
median tooth is due to the contraction of only tlie posterior gastric muscles 
which pull backwards the broad dorsal portion of the pro])yloric ossicle. 
This ossicle when it tries to be vertical, due to the iiresence of the roof of 
the cardiac chamber (?) (carapace) is pressed downwards (!• ig. 9r) at its lower 
end. 

Moequard’s view is generally accepted ))ecaiise he made his observations 
when the gastric armature was in action in a living crab, while all the alter- 
native views arc based on imagining the mechanical principles involved. 

In Gelasimusi (Reddy, 1935) the urocardiac and the ])!opyloric ossicles 
show a uni(|ue disposition Ijeing in a »straight line. In this j)osition, neither 
the anterior nor the posterior gastric muscles can liel]> to make tlie propyloric 
ossicle vertical and thus enable it to press down the median tooth. Reddy, 
therefore, is of opinion that in this animal, the cardio-])yloric constrictor 
muscles, unlike in other Crustacea, bring about the desired iiHA ements of the 
propyloric ossicles and consequently of the median tooth. lie further states 
that in Penccus indicus the moVements of the median tooth are sinqily to and 
fro due to the absence of the ])ro])yloric ossicle. This is incorrect. I'hc 
pro])yIoric ossicle is present and lies in the same jiosition as in other Decajioda, 
and helps the downward nioveincnts of the median tooth. Moreover, from the 
curved rows of denticles on the lateral tooth (I'ig. 1) <nie may conclude that 
the movements of the median tooth must also be along a curv'ed jiath, for- 
wards and downwards, as in other forms. 

//. Uhlorical, 

Probably the earliest mention of the gastric armatuie is made by 
Aristotle who mentions the teeth in the stomach of a crab, a fact from which 
it is generally inferred that he even practised dissections on lower animals. 
Gcoffroy (1709) who repeated the observations of von Hclniont and later on 
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Reaumur (1712) stated that every moult of As/acus always contained three 
teeth from the stomacli. Rcrsel (1755) was the first to remark that these 
teeth were useful for grinding food. The German naturalist Herbst (1790- 
1804) dcscril)ed the stomach teeth of Homarm and was the first to compare 
the median tooth with a bust mounted on a i)edestal. Cuvier (1805) was 
the ])i()neer who in his Lci^ons iVanaUmie comparve described clearly the 
princi]jal sclerites of the gastric armature in Decapoda and also referred to 
their functions. About the same time as Cuvier, Meckel (18:10) studied the 
ga.stric armature in Pahvmon, Squilla, Palinunts, Scyllarus and a few other 
stalked-eyed Crustacea without giving any ossicle any delinitc designation, 
lie was however the first to find gradations in the types of gastric armatures. 
Contemporary with Alcckel were Brandt, Ratzeburg (1829) and Baer (18:^4) 
who worked on the gastric armature of Crustacea and gave a terminology 
which, though now obsolete, still marks a delinite stage in the study of the 
gastric arinatnre. About the .same time as Baer, who worked on Macrura, 
^lil lie Iu1 wards in his (18:14) gave a methodi- 
cal and comjdete account of the gastric armature in the common crab and 
designated the various ossicles with simple names whicli were adopted by 
later authors, Huxley, Parker and are used to this day. He came to 
an important coiK'lusion, from the animals examined by him, that the dis- 
position of the ossicles is essentially the same in all Decapoda. In his Lci^ons 
$ur la Physiohi^ie ci VAna/omic comparre (18:14) this eminent naturalist 
compared the gastric armature with three brandies meeting at a jioiiit through 
which food must pa.ss to enter the pyloric stomach. He also referred to 
the .s])ecific and generic signilicaiice of the gastric armature. ()e.sterlen 
(1840) described the accessory ossicles of the ga.stric arinaltire in great detail 
and with accuracy but his work is unfortunately of little value as he mis- 
understood the mechanical conditions of lli ' ^gastric armature. It may lie 
mentioned here that Joly (I8 i:i) and I.euckert (1818) described the stomachs 
of ('aridiiia and Mysis re.s|jeclivcly but ignored the fact that there isatypieal 
gastric armature existing in dilTerent stages of variations in all Decajioda. 

Huxley in his Manual of the Anatomy of hiveriehrate Animals (1877) and 
later in Crayfish (1880) cxaniiiied the movements of the stomach teeth and 
likened them to a “miU" and the pyloric stomach to a “filter". Parker (187(i) 
working on the .same animal described the muscles of the stomach which 
bring about movements of the different ossicles. 

In 1880, Nauck published his Memoir on the Gastric Armature of PraeJh 
yura. He proposed a new classification of the group and a new nomenclature 
of the ossicles but these did not find favour with the later authors. In 188:J 
and 1884, appeared a monumental paper by Moequard on the stomach of 
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the stalked-eyed Crustacea. He gave an cxc-ellent historical note of the 
work so far done on the subject. He examined about a hundred s])ecies 
and came to the conclusion that the gastric armature showed a uni- 
form plan of construction and varied only in the coalescence and disai)pear- 
ance of one or more of the ossicles, while no new i)iece was ever added to the 
general framework and even in the most degraded forms tlie homologies of the 
])ieces could be recognised. I'rom this study of gastric armature he was 
first to find the artificial nature of the classification of I)ccai)oda w’hich was 
later modified, on other grounds, by Horradaile (11)07). He further described 
the musculature and its actions wdiicli he w-as able to olxserve in a living crab, 
Stenorhynchiis. 

Moequard’s classical ])aper w'as followed by a number of detailed studies 
of gastric armature in difierent .species of Crustacea, bonnier 
on Cenitaspis, a member of Penareid grou]) which |)os.scsscs the simplest form 
of gastric armature, Claus (1890) on Sebalia, Meek (19o;i) on the Norway 
lyolxster, Borradaile (1901) on a “robber crab”, lVars«)n (1908) on ('(nicer, 
Jackson (1913) on Enpdij^unis, Petricevie (I9ir>) on Sijuilla, Matteotti 
(1921) on Potuman, Yonge (19*21) again on Norway I.ob.^terand Reddy (1935) 
on some South Indian r)ecaj)oda and Squilla with a discussion of its evolution 
in Decapoda. 

Til addition to these, general treatises on the class Crustacea, 
Caiman's indi.spensable volume in l^ankester’s Treatise on Zooloiiy (1909) 
giving a concise summary of the work so far done on the stomach teeth 
of Crustacea, Winterstein (1911) and Kukenthal (19*2() *27) give an excellent 
account of the gastric armature iind its working in Crustacea. 

5. ^'onclusions. 

The present work w^as uiulertaken with a view* : — 

(1) to study the structure of the gastric mill in the DecaiJoda and the 
dLspositioii and the homologies of tlie o.ssiclcs forming the ga.strir 
armature ; 

(*2) to arrange the various types of the gastric mills found amongst the 
Decapoda in a series beginning from very sim])le to conqdex ; 

(3) to ascertain if the forms con.sidercd as ”i)rimitive” amongst the 

Decapoda for taxonomic and other reasons jmssoss a simjder 
type of gastric mill as comiiared to the gastric mill of the more 
‘^advanced" forms; and 

(4) to correlate the efficiency of the internal masticatory apparatus 

with that of the external masticatory apparatus, chiefly 
the mandibles. 
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(1) T coiiiiiienccd this work with a detailed description of the foregut of 
Paratelphusa guerini M. Kdw. which contains a highl}' complex gastric mill. 
Ill the next paper, I gave a comparative account of the gastric mill in various 
forms of Brachyura. Unfortunately, I was not fully conversant with the 
work of Moequard (188:^) till I sent that ])aper to the press. It contains 
iievertlicless an account of the gastric mill of many new forms not described by 
Moequard. Reddy (ID^h) gave an account of the gastric mill of Paratelphusa 
hydrodrnmiis, Ilerbst. In this and his other paper (1035), there has been 
unfortunately a certain amount of work on the types also worked hy me. 
But as both the papers were in the press at the same time this v\ as unavoidable. 

An examination of fifty species of Decapoda confirms Moequard’s view 
that the gastric armature in Decapoda, when it is present, conforms to a 
typical plan which is common to all species. The variations in the gastric 
armature in the various tj’pes are due to the diilcrences, which are of generic 
and specific significance, in shape and size of the ossicles, coalescence, reduc- 
tion or disappearance of one or more of them. I 'or instance, the mesocardiac 
ossicle is relatively smaller in those forms in which the gastric mill is very 
complex, in all Brachyura and in Paguristes amongst Anomnra while 
ill a few Anomura, Reptaiitous IMacrura and Pena?idea it is comparatively 
smaller (Patwardhan, 11)35). The jiterocardiac ossicles vary in shape and 
size inversely to that ot the mesocardiac ossicle. The ])yloric ossicle is 
strongly calcified in the complex gastric mills of Brachyura and may ])resent 
a ])aired appearance due to deficiency of calcification in the middle. In 
the remaining tyiies it is more or le.ss uniform in .structure, getting less 
calcified in simpler forms as in Pena*idea. The exop 5 doric o.ssicles are 
present in Brachyura and a few Aiioniqra (Patwardhan, 1935), but are 
coalesced and fused, with the pyloric in the Remaining groups. The zyg^'- 
cardiac ossicles vary in thickness and preseiit varieties of disposition of 
the denticles forming the lateral teeth, being larger and stronger in the 
complex forms and reduced to .siiines in the simpler forms. The urocardiac 
ossicle is always elongated, narrow and rod-like in complex forms, 
Brachyura and Anomnra and ge^s plate-like and broader in the sinqdcr 
ones. The median tooth in its nio.st complex form consists of several large 
denticles variously grouped ; in Anomura it bears transverse ridges while 
in the sim])ler forms it usually consists of a large median tooth with or 
without small lateral denticles. The ])ropyloric ossicle which is always more 
or le-ss triangular in shape, and oblique in dispo.sition, is usually well calcified 
but may remain membranous in the middle. The cardiac pyloric valve, 
sometimes referred to as a median ventral tooth, is wedge-shaped and 
covered with setie in many Brachyura, Reptantous Macrura and Penocidc.’ 
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but ill Anomura and a few IJracliyura it is distinctly calcified and bears 
tooth-like denticles. 

In those Decapoda in which the gastric mill is absent, the majority 
of Caridea. it is possible to homologisc the structures around the cardiac 
pyloric opening with the principal ossicles of a tyi)ical gastric mill, while in 
Atyidie and IlippolytidiC only the median tooth is ])resent together with the 
median set of ossicles (Caiman, 1900). 

(2) If the ])rescnce of a complete set of ossicles in a gastric mill, their 
relative thickness and calcilication and the degree of stoutne.ss of the teeth 
are a measure of the eflicicncy of a gastric mill, it is possible to arrange the 
various tyjics found amongst the Decapoda in a graded series of com])lexity. 
In Caridea, cxcejiting Hippolytkhe and Atyida*, the gastric mill is entirely 
absent. It is present in all other grou])S of I)eca])oda. The simplest gastric 
mill is found in Cemtaspis (Hoimier, 1899 ; Caiman, 1 909) and a slightly more 
comj)lex one in Stenopus. The structure becomes increasingly complex in 
Anstecus, Pemeus and Scr^^estes. Next in the series come the Uei)tantous 
Macrura, e.f;., Palinurida.\ Scyllarida' and Astacura. The most complex 
gastric mills are found in Anomura and Brachyura, es])ecially in the tribes 
Cyclometopa and Catanietopa of Brachyura. 

{:^) According to Borradaile (1907), the affinities of the various grou])S 
of Dcca])oda are representeil by Big. 10. Stenojndea represents the lowest 
form of Decapoda. (hi one side we get the Peiueidca and Caridea coin])rising 
Natantia and on the other, the lower Reptaiitia which subse([uently branch 
into Astacura, Anomura and Brachyura. 

The abov'e relationship is conlirmed by a .study of tlic structure of the 
gastric mill in the various group*^. The Stenopidea is characterised by the 
])osscssion of a very simple J^astric mill. It is true that the gastric mill in 
('cnitaspis in the Penieidea is .still simpler and therefore ( erataspis may be 
treated as being exceptional amongst the Pemeidea. In all i)robability, 
the simplification in Ccrataspis may be secondary. Prom the vSteiiopidea 
the evolution proceeds along two directions : 

(rt) complexity in the gastric mill resulting in the condition to be found 
in Pemcidea ; from this complexity the further evolution along this direction 
is towards the reduction of the gastric mill in Ilippolytidie and Atyidm 
resulting in its total absence in the remaining Caridea ; 

[b) starting again from the Stenopidea, tlie evolution proceeds towards 
a progressive increase in the complexity of the gastric mill re.snlting in a 
graded condition found in Dower Reptaiitia, Astacura, Anomura and 
Brachyura. As we ascend this series, the ossicles get more distinct, the 
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exopyloric ossicles separate from the pyloric, the niesocardiac gets smaller, 
the pterocardiac ossicles become more elongated and the lateral and median 
teeth ])ecome more comjdex. 

(1) I have described briefly the structure of the mandibles in all the 
groui)s of Dccapoda. It is possible to correlate the efficiency of the internal 
masticatoiy apparatus, 7 ;/.:., the gastric mill with the external masticatory 
a])paraUis chiefly the mandibles. In Brachyura, Anomura and Reptaiitons 
Macrnra, where the internal mastication is efficient due to the presence of 
gastric mill, the mandibles in these gron])s show a much sim])ler structure 
tliaii what is obtained in the Stenopidea, Peiueidea and Caridea. In the 
latter groups the internal masticatory apparatus is cither totally absent 
or so modified as to be in the form of a few denticles on the various parts of 
the foregut. The molar ])rocesses of the mandibles are chiefly concerned 
with grinding the food into a fine powder. The stoutness, length and the 
disposition of the denticles on this process are a measure of the degree of the 
efficiency of the mandible as a masticatory a])paratiis. The majority of 
Caridea, in which the internal mastication is minimum, have the most com- 
plex mandibles (Patwardhan, 11^15). In the Re])tantia, in which the gastric 
mill is very complex, tlie molar jnocess is greatly reduced, being always in 
the form of a small prominence without any masticatory function. The? 
condition of the molar processes in the »Stenopi(lea, Pena?idea and AtyuUc 
and IIipi)olytida* in Caridea, wliich have simple gastrie mills, is intermediate 
in character between the Caridea and Reptantia, l)eing flattened and less 
prominent than in Caridea hut still servicealde as masticatory organs. 

Combining the results of the last two paragraphs, it may be .said that 
Reptantia as a group is characterised by the ])resence of a more or less com- 
plex gastric mill and simifle mandibles and ISatanlia, on the other hand, 
is characterised by the ])reseiice of a more ^r^less sirnjde gastric mill ami 
complex mandibles always possessing a functional molar process. 

The reason for the ])rcsciice of internal masticator}' apparatus in om? 
case and of external masticatory apparatus in another must be sought in 
the habit aud habitat of the ainual concerned. I'rom a study of the habits 
and modes of locomotion in the Decapoda, it will be seen that the “ Natantons 
habit' ' has a wider field and ampler prospect of obtaining food, more amount 
of conildeiicc and boldness which enable these animals to continue external 
mastication to its proper stage without necessitating further grinding in the 
cardiac stomach after it is .swallowed. On the other hand, ''Reptantous 
habit” which means slow locomotion by crawling and climbing, a smaller 
field for obtaining food and a wary and nervous life, necessitating masking 
and hiding adaptations results in a hurried swallowing of food without its 
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proper mastication by the external masticatory apparatus, thus necessitating 
internal mastication. 

The quality of the food material must also inlluence the complexity of 
the masticatory apparatus. I'ood of the crabs and other Re])taiitia is usually 
encased in non-digestiblc cliitiiious or cak'areous enveloj>es which must be 
removed before the food is cut into suitably sI/ahI morsels for s^vallowing. 
The external masticatory apparatus is greatly used in crushing the food and 
separating the digestible from the non-digcstible. the ])roi)er mastication 
being deferred to be carried out by the gastric mill. The individual varia- 
tions in the complexity of the gastric armature or of the molar processes 
of the mandibles are no doubt due to the (piality of the food which the animal 
prefers. But it is not possible to come to any definite conclusions unless 
and until a detailed study of the food in each animal is made. 

My thanks are due to the Director, Zoological v^urvey of India, for ideiiti- 
fying the material at iiiy dis])osal, for giving me material from the collections 
of the Zoological Survey and for the loan of books from the I,ibrary. 

Summary. 

A brief description of the foregut in Pnucus indiem and a comparative 
account of the sjime in the remaining types of Pena'idea and vSlcnopidea 
examined by me has been given. 

The structure of the gastric mill in the Decapoda conforms to a typical plan 
common to all species, the variations being due to the co.nle.sceiice, reduction 
or disa])pearaiice of one or more o.i;sicks ; in those forms in wdiich the gastric 
mill is reduced the homologies of the principal ossicles can be made out. 

The various types of the gastric mills found in the Decapoda can be 
arranged in a series ranging from* simple to complex. 

The forms considered as^'^primitive" for taxonomic and other reasons 
possess a simple type of gastric mill as com])arcd tf) the gastric mills in the 
more "advanced” forms. The evolution of the gastric mill closely follow^s 
the evolution of the Decapoda. 

The efficienc}’^ of the gastric mill is correlated with the efficiency of the 
external masticatory apparatus, chiefly tlie mandibles, the mandibles being 
simple in the forms in which the gastric mill is complex and vice versa. 

The reason for the presence of the internal masticatory apparatus in 
one case and of the external masticatoiw' apparatus in the other can be found 
in the habit and habitat of the animals. Reptantous habit is associated 
with the possession of a complex gastric mill and .simple mandibles and the 
Natantous habit, on the other hand, with the possession of a reduced gastric 

mill and complex mandibles. 
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EXPLANATION OF FFGURES. 

I'm. 1. Vertical longitudinal section of the foregiit of Pcikpus hidicus M. Kdw., passing 
through the median plane. 

Fm;. 2. - Pcittcof^Jiis monoccros Falir. Disposition of the denticles of the lateral tooth. 

Fm. 3. Vertical longitn<linal section of the foregut of Aristecus scmidcnlalns sp. Bale., 
pa.ssing through the median plane. 

h'lr.. 4. — Vertical longitudinal .section of the foregut of Ilaliponis (Ciiualis sp. Bate., passing 
through the median jilane. 

Fig. 5. — Vertical longitudinal section of the foregut of Acetes indicus M. Kdw., passing 
through the median plane. 

Fm. 6. — Vertical U)ngitudinal section of the foregut of Scrtfcsfcs bisitlcatus Wood Mason, 
jiassing through the median plane. 

Fig. 7.-- Vertical longitudinal sectiijii of the foregut of Slcnopiis spinostts Risso., pas.sing 
through the median plane. 

Fm. 8. The Mandibles of — 

A. PciKCiis indicus. 

13. Pcnrcopsis ninnorrros. 

C. A r is f ecus scntidcitfaius. 

D. llaliporus (cqiuiUs. 
h'. A cries indicus. 

F. Srnicslrs hisulcalus. 

G. Lucilcr hausrni Nohili. 

If. Si run pus spinosus. 

Fm. 9.-- 

A. To illustrate the movement of the median tooth according to Huxley, 1880. 
13. To illu.strate the inoveinent of the metlian tooth according to Mociinard, 

C. To ilhistralc the inovcment of the median tooth according to Reddy, 1935. 
Fm. 10. hWolutioii of Decapoda. After Horradaile,* 1907. 


RK h' h'.R KN C IC I.KTTKib. 


a.g.m. 

. . Anterior gastric muscles. 

c. 

Carapace. 

c.p.v. 

Cardio' pyloric valve 

/. 

Floor of cardiac stomach. 

fo. 

Fold of the lateral wall of cardiac stomach. 

U.C. 

Infero-latcral cardiac plate. 

m.c. 

Mesocardiac o.ssicle. 

m.f. 

. . Lateral fold of the floor of cardiac stomach. 

m.t. 

Median tooth. 

oes. 

Oesophagus. 

P- 

Pyloric ossicle. 

p.g.m. 

Posterior ga.stric muscles. 
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p.p, 

p.S. 

pu. 

/. 


U.C. 


V. 


Propyloric ossicle. 
l*yloric stomach. 

Ptorocardiac ossicle. 

Oesophageal teeth. 

IJrocardiac ossicle. 

Valve at the opening of oesophagus into the cardiac stomach. 
Zygocardiac ossicle. 
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(Communicated by Prof. R. Sahni, d.sc., Hc.n., r.o.s., f.a.s.h.) 

TiiK genus Azolla was instituted by T.anuirck in 178:^ on sterile specimens 
brought from Magellan by M. Ci)mnierson (( frifllth, 1 84R, p. SnO). It comprises 
at least four living species, A . filictiloides, A . caroliniaiia, A . pimiata and A . 
nilotica] there is a fifth species, A, ruhra, which Strasbiirger has kept 
only as a variety of A. Jiliculouies, There are three s[)ecies of the 
A. tertiana licrry (1927, 4-5, PI. I, Figs. 9, Id). A. intetrirappea 
Sahni and Rao (1931, 26, 27), and A. prhea Reid and Chandler (1926), which 
are known only in the fossil state. Both A . filiculnides and A . pimiata arc 
also known in the fossil state (Morschhtz, 1928). 

The genus has representatives in all tlie divisions of the globe at the 
present day. A . fiUculouhs is confined to the western part of America, being 
reported from as far south as Chile, and reaching to California at least, 
and probably beyond (Campbell, 1893, 155). It ascends in the Andes to 
16,000 ft. (Baker, 1887, 137). A, rulmi is found in Australia and New 
Zealand. A. car olini ana is found in the southern United .States and Cali- 
fornia, through tropical America* to Buenos Ayres. A. pimiata is the typo 
in Australia; the variety, which approximates in habit to A . caroliniana, 
is widely spicad hi tropical* Asia and Africa. .1. nilotica is exclusively 
African. The accompanying map shows approximately the distribution of 
the living and fossil species. 

Thus the only living species known in India is A. pimiata. this species, 
with A nilotica, belongs to the section Rhi/.ospenna ; all the. other living 
species are included in Eua/.olla. Of the fossil species .1 . inlertrappea belongs 
to Ruazolla A . prisca combines the characters of Unazolla and Rhizospenna, 
and .1. tertiaria is of doubtful atTinity. being incompletely preserved. 

Historical Review. 

The genus Azolla has been described by a number of workers : Uriflith,* 
Mettenius, Mayen. Martins, Strasbnrger.* Berggien*. Bclajcff, Campbell* and 
others. Of these, the works of Strasburger, Bcrggrcn and Campbell are by 





The Structure and Life-History of AzoUa, pinnata R. Brozon 177 

far the most important. The results of the earlier workers have been Riven 
by Strasburger in his monograph. Of the above-mentioned works only 
those marked with an asterisk have been available to inc. 

Griffith's work (Griffith, 1881) has only a historical interest. He has 
given a large number of drawings of the sporocai ps of A. pinfuiia. Obviously 
the sporoearps were a great puzzle to him. His nomenclature for the 
various organs is archaic, often faulty. His was the earliest work on the 
Indian species. 

Strasburger’s monograph of the genus (vStrasbnrger. l.S7;i) although now 
sixty-foiir years old, still comnuinds respect as an aiilluMitic lecoiil of «)bserva- 
tions, like most of his other works. The details of slrncture were elucidated 
chiefly in A. fdiciiloides though other species were also iigured. II is work 
deals exhaustively with the anatomy and histology of the mature si)orophyte, 
and also of the full-grown sporangium and spores, lie could not study the 
development of the spores for lack of material. 

Berggren*s paper (Herggren) deals willi the female prothallium and 
embryo. His figures are mostly rather (liagr.aniniatic. Campbeirs work 
(18911, 1028) largely su])crsedes this, being more complete. Tl is very 
important ; he has not only summariseil the results of the ])revious workers, 
but also worked out in detail the life-history of Azolla filicnioidcs, which is 
thus the best known s])ecics. 

Pandit and Mulay (1981, 207) who published a preliminary note on the 
Azolla found at Khandala in the Western Chats (Bombay Presidency) .sugge.st 
that their plant is a new species or a ne\. sub-genus. This view is no doubt 
duo to their ignorance of the literature. Their account shows that their 
plant is in no way different from .1. pinnata. 

Mr. SiuPs 2 )reliminary Aote (1981, 189 190) on A. pinnata is also in- 
correct in several points, viz,, branching of stem, growth of leaf, the 
time of fertilisation, and the female prothallus (see below under Discussion). 

I took up the investigation of the structure and life-history of the 
Indian s]jccies at the kind suggestion of Prof. B. Salmi. A necessity was 
felt for a coTn])rehensive account of at least one .sjjecics, other than 
A. filictiloides, if only to confirm the results jurived at for the latter. 
A. pinnata seemed specially suited for such a study, as it belongs to the 
second sub-genus Rhizos 2 )ernia. 

My observations, though not so complete as Campbell's on A. Jiliculoidea, 
liave, however, .shown that A. resembles that S 2 )ecies in almost all 

its salient characters. 
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The basis on which the two sub-genera Euazolla and Rhizosperma have 
been fonmilatcd is the characters of the float-corpuscles and the glochidia. 
The diagnosis of Rhizosperma and A. pinnafa given hy Baker is incorrect 
in one particular. He says the roots are fascicled in A. pinnata. Stras- 
burger's diagnosis and drawing show that they arc single in A. pinnata, which 
iny observations also confinn, and fascicled only in A. nilolica. 

An important point elucidated in my investigations is that the male 
prothallia of A. pinnata are liberated from the massulac. 

Material and Methodsi. 

lurst of all a few specimens from Cuttack sent by Prof. Parija were 
examined ; next I examined material from Poona sent to Prof. Salmi by 
Mr. B. R. Pandit, some from »Sagar, Mysore vState, collected by me, and 
also some from Agra sent by Mr. B. M. Johri. Having ak'ertained that 
there is only one species known so far in India, further work was conducted 
on plants collected at Lucknow. The structure was studied mainly by micro- 
tomiiig the entire plants, the small size of the plants being convenient to 
handle that way. Dissection under the binocular and dissecting micro- 
scopes was illuminating. As fixatives 1 used chroni-acetic acid and some- 
times formalin- acetic-alcohol. To sink the [flants in the fixative I had to 
U.SC the exhaust pump. Safranin and gentian violet gave as good staining 
re.sults as iron-alum iKctnatoxylin. 

The megas])orocar]>s gave the greatest trouble in cutting. The spore 
wall is very tough and hard like the chitin of insects. Softening in hydrofluoric 
acid was helpful to some extent but the innermost sjiore-wall was almost 
always broken. 

Description*. 

Azolla is common in the United Provi.iCes, occurring abundantly in 
tanks and pools. The ‘'fronds*' are triangular or j^olygonal in shape, 
measuring about 10 mm. to 25 mm. on the sides (Pigs. 1-4). The stem 
is dorsi-veiitral, bearing dorso-laterally tw^o rows of alternate leaves, which 
are deeply two-lobed. Tlie branching is in a scorpioid cymose manner. 
At each forking of the stem generally a root hangs dowiuvards, looking 
feathered on account of the long root-hairs, whence the specific name. The 
sporocarps are formed from the ventral lobe of the first leaf of a branch. 
After a period of vegetative multiplication b)' fragmentations of the jflants, 
a normal .sexual regeneration occurs. The diagnosis of the Indian plant is 
as follows : — 

Azolla pinnata R. Brown. — Roots single and conspicuously feathered 
on account of the root-hairs. Fronds oblong or deltoid, 10 mm. to 25 mni. 
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long, with numerous crowded primary branches, all simple or the longest with 
a few crowded primary branches towards the tip. beaf lobes tiriii in texture, 
broad-ovate. Macrospore crowned with nine lloal-corpnscles, its cuticle 
finely granular, armed with a few clavate papilla*. Massiihe more than two 
in the microsporangium, with only a few weak simple or branched j)rocesses 
on one side (Baker, 1887, 138 ; Strasbnrger, 1873, 71)). 

A, niloUca differs from A. pimuita, along with which it is grouped in 
the sub-genus Rhizosperma, by its wide trailing leafless stem, with dense 
fascicles of roots from its nodes. The sub-genus luiazolla, under wdiich are 
grouped A . filiciiloules and its var. rubra, and A . caroliniana, dilTers from 
Rhizosperma in having the macrosporcs crowned witli three float-corpnscles ; 
massulte armed all round with rigid glochidiale processes. 

As far as my observations show, the life-history of .1 . pinnala at Lucknow 
runs roughly as follows : h're.sh embryo plants come up about Se])teinber or 
October. They are green at first, but accpiire a brownish colour in the cold 
season on account of a pigment formed in tlie leaves. The ])lants jiroduced 
from the sporocarps mature in spring. By about April the sporocar])S arc 
ripe and are separated from the mother plants, which soon die off. During 
summer the plants are almost completely absent except some which remain 
vegetating where there is dee];er water. A normal sexual method of rege- 
neration occurs after the rains, i.e.y at about the end of September. During 
the vegetative season— September to April- the ])lants r.ai)idly multiply by 
fragmentation. This ha])pens both through the mechanical action of the 
weaves, and by the insects, snails and other animals ndddiiig at the plants. 
This is further facilitated by the formaiion of an absciss layer (h'ig. ‘JO) 
at the bases of the branches. T^here is a similar absciss layer of smaller 
cells at the bases of the roots (Big. J7) and liencc they are deciduous when 
mature. • 

Stem. 

The stem apex is curved upward and backward (h'ig. 1 1) reminding us 
of the circinate vernation of the fern leaf. There is a two-sided apical 
cell from wdiicli segments arise right and left. The lirst division of the ajncal 
cell is horizontal, i,c., parallel to the upper and lower surfaces (h'ig. 11), 
the second in the sagittal plane. A transverse section through the stem at 
this stage shows four cells like the (|uadrants of a circle, the dorsal segments 
develop the leaves, the ventral ones the lateral branches and roots. Stras- 
burger*s drawings show with great clearness the successive divi.sions at the 
stem apex. The third division forms the octant walls. I he fourth one is 
periclinal and lays down the central cell-complex which develops the conduct- 
ing strands. 
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The mature stem shows a central vascular bundle (Pig. 10). The 
structure is very sini]de, there being only three or four spiral traclieids and 
a few ])hl()eni elements. The cndoderniis is clearly seen, though the Cas- 
])arian tliickeiiings are not marked. There are only a few air-spaces in the 
cortex, which open out by means of stomata (I'ig. 12). Aeration of the 
plants is more elhciently carried out by the leaves. 

Branching is extra-axillary, i,e., having no relation with the leaf axils. 
The lateral branches arise in acropetal order, but not always at ef|nal inter- 
vals. Their development is a repetition of the main axis. At the bases 
of the branches th(‘re is an absciss layer composed of smaller cells. This 
docs not seem to have been noticed by the previous workers. On account 
of this the plants easily fragment at these places (Pig. 20). 

The stem, like the dorsal lobes of the leaves, is covered by hairs (Pig. 12). 
At tlic stem ai)ex, among the lateral organs, arc found a few large hairs 
(iMg. 1 1) with a large basal cell, bearing branches at the distal end. Tangles 
of Anah(rna are always foniifl at the stem apex and enter the leaf-cavities 
while these are being formed. 

The dorsal lobes of the leaves so closely overla]) each other like the 
tiles of a roof, that the stem is not visible when viewed from above. The 
under-surface is similarly covered by the lower lobes (h'igs. 2, 4). 

Leaj. 

'I'he leaf arises from the U])per segments of the stem quadrant, as 
described by Strasbiirger and Campbell in A. filiatloides. Only tlie alternate 
cells on the right and left produce leaves, resulting in alternate rows (jf leaves. 
Tlius, though the apical segineiilation is regular, there is no constant relation 
between the formation of the segments and the origin of the ap])endages. 
This is the case in all Pteridojdiytes where the apical segmentation is 
regular (Bower, 1908, 177). The mother-cell of a leaf is distinguivshed l>v 
its size and position. The first wall divides it into an inner small cell «ui(l 
an outer larger cell. The latter forms the upper and the former the lower 
lobe of the leaf, l^ach leaf-lobe is next divided into an inner and an outer 
cell. The latter divides into two by a radial wall. Then succeed alternale 
radial and tangential walls which are repeated with great regularity and 
can be seen in the young stages of the leaf (h'ig. 7). No apical cell in the lenf 
is ])roduced in Azolla, an exceptional feature in ferns. 

An invagination is formed in the dorsal lobe at this stage. Anuheena 
cells already begin to enter it. This invagination (Pig. 14) later becomes 
the .4 »rt^^rc;/^/-cavity of the leaf. The w^all of the cavity bears a number (»t 
characteristic large hairs, which consist of a basal cell like the holdfast oi 
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an alga, from the bulged distal end of which generally a few-cclled branch 
arises at a rather small angle (Pigs. 

The mature leaf is deeply two-lobed (l-ig. Hi). The lower lobe covers 
the stem on the ventral side, and is in contact with the water. It is simple 
in structure, one-layered for the most part excejit in the inid<lle near tlie 
base, where it becomes a few cells tliiclc and contains pigment. There is a 
small cavity in the thickness of this lobe near the b.'ise. 'I'his, however, 
does not open on the outside, and cnclo.scs no Anabiena (I'igs. 21, 22). The 
ventral lobe is broader than the dorsal. 

T'he dorsal lol^e of the leaf is aeiial. It has a complex slriu'tnre 
(Pigs. i:5. 21, 22). It is ovate in shape, thick and llriii. The dorsal lo])es 
overlap each other like the tiles of a roof. The lobe is thick in the middle, 
with a thin colourless margin, one cell thick and 1 to o t ells broad. The 
upi)er surface of the leaf is covered by turgid, colourless, two-to four-celled 
hairs, borne obliquely forward and upward. Tlie.se hairs hold air-bnbbles 
among them, and thus the ])la!its caniiot be made to sink at all. I\ven an 
exhaust ])unip does not make the plants sink readily. 

Both the U])per and lower surfat'cs of the dorsal lolic bear a number of 
stomata, whose form is shown in Pigs. 13 and 15. These are peculiar, simple 
perforate cells as described by Sud, the pore being slitlike, reminding one 
of the stomata on the apophysis of Funaria (Canijibell, I92S, 1 10, Ib’g. 239 h). 

There is a peculiar, large, hollow cavity in the dorsal lobe of the leiif, 
wdiich opens by an aperture on the lower surface (Pigs. 13, M, 21, 22). As 
mentioned above, it is formed as an invagination in llie leaf-lobe into which 
Anahtcna cells creep in. When the leaf matures the cavity becomes larger, 
its mouth narrows down to a sAiall aperture, somewhat elongated in the 
longitudinal direction. The apeitiire is lined by three rings of tooth-shaped 
cells (iMg. 21). Thus it reiiiiiids one soinewluit of the stomatal apertures of 
Marchaniiiu The w^all of the cavity around the aperture is formed of two 
layers of elongated, colourless cells, radiating from the aperture (I'ig. 13). 
The layer of cells lining the cavity bears a few' hairs (higs. J(i 19), which 
consist of a basal cell like an algal holdfast, the bulged di.^tal end of wliicli 
bears one or more branches, a few' cells in length. These branches hold the 
Anahcena tangles, which do not inimcdiately line the cavity, but arc held 
a little w'ay towards the centre by these hairs. 

Tlie upper epidermis of the dorsal lol)e, as iiiciitioiied above, boars 
stomata. These open into air-spaces interspersed in tlie iialisadc tissue. TUq 
latter is usually one layer thick. Its cells contain chloroplasts lining its 
walls. Below the palisade is the mesojihyll tissue, wliich also lines tJie 
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Anahcena cavity. There is only a feeble development of conducting elements 
in the leaf, represented by only a few spirally thickened tracheids. 

The leaves arc green early in the season. By about November the 
plants turn brownish red on account of the red pigment produced in the 
cells of the leaf. 

Root. 

The root is produced from the lower segments of the stem, re.sulting 
from the quadrant division. The root initial cuts off a cell superficially 
wliich again divides into two. There is an oblicpie wall formed in the initial, 
cutting off the apical cell. After the next three divisions, the three-sided 
pyramidal apical cell is already formed, with the outer wall bulging out. 
WhcMi only two of these divisions have taken place, a transverse section of 
the ajiical cell is approximately 4-sided. 

Azolla is distinct from other Filices in the mode of development of the 
root-cap (Strasburger, I87.‘i, 4l-4r>, and h'igs. 5o-72, Tls. 4 and 5). The 
first superficial cell cut off by the root initial forms two root-shcaths, tlic 
inner of \\'hich disorganises. Before the disorganisation, however, the a])ical 
cell cuts off two layers of cells, so that at this stage the apical cell is enve- 
loped by four layers which are later reducetl to tliree by the disorganisation 
of the inner root-sheath (h'igs. 29, 31). Straslmrger too showed this 
feature clearly. 

Til the nearly adult root two root-sheaths are still found covering the 
root-tq:), but they were l^roken off at the base and carried forward with the 
root-tip as the root elongated. There is a tube-like collar at the base of 
the adult root, which is the remnant of the torn-off outermost root-sheatli 
(Fig. 4). 

The initials of the root-hairs arise just K-'liind the ai)ex and under the 
innermost root-sheath (h'igs. 2<5 27). As the root eoniydetcs its (hnclo])- 
ment, the ajiical eell itself bee(mjc.s divided in several ])arts, each one pili- 
ferous (I'‘ig. 28). The mature root-hairs are 2- !! mm. long, with a iinelotis 
near the tip. Tlio tip is lined by granular contents. The root-hairs have 
a bulge at the base and a eharaeteristie kuce-like bend (Fig. 28). Jn a ymini; 
root the tangential section of the root-hairs gives a remarkably regular patleru 
(F'ig. 24). 

The root is formed on a constant trimerous plan. The transverse sec- 
tion shows that the cells are in multiples of three. The endodcrniis cells 
are a multiple of three, so also the root-hairs themselves. The vascular 
structure is very simple as in the stem, there being only two or three spiral 
tracheidal elements. When a root is seen under the microscope the air 
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contained in the trachei.ls shows as dark lines, like the inercnry line of a 
thermometer. 

The mature roots are deciduous. After they attain a Icngih of 40 50 nun. 
they drop off. The root-hairs provide acconnnodation for a large number 
of protozoa, alga* and soil particles. The roots contain some green pigment 
when young. The older roots look white. The dccuhious roots conic off 
with a neat end, owing to the presence of a basal absciss layer (I<ig. 'll) as 
in the case of the deciduous branch (.Strasbnrger, 187:5, l-ig. 71, PI. 5). 

Sporocarps. 

The sporangia are borne inside the so-called s])orocarps, which are gene- 
rally regarded as basipetal indiisiate sori on the analogy of the (ii'adatc 
ferns. The sporocarps arise from the ventral lobe of the first leaf C)f a branch, 
the dorsal lobeforming an involncreenvelo])ing the sporocarps (I'igs. 1 1). 

The si)orocarps arc borne in pairs, either liotli of the same sex, or one male 
and the other female (micro- and niega-sporocarps). At their base are lonnd 
a number of iilamentous hairs (Figs. 31, 'll, *13). The siiorocarps receive a 
vascular bundle which penetrates a short W’ay up the stalk (I'ig. 13). 

The leaf-lobe, when its first median division occurs, at once begins to 
develop the tw'o .sporocarps. The two sporoearp initials grow by means 
of a three-sided apical cell for a short time. Wlien three series of segments 
are cut off a ring-shaped projection arises about their base (I'ig. 35). This 
is the beginning of the indnsinm (I’igs. 37, ^1, etc.). The a])ical cell of the 
sporoearp now cuts olT an oiiercular cell and thus becomes a terminal iiiega- 
sj)oranginiii (F'ig. 35). The ring-like omgrowtli at its base becomes two- 
laycrcd and grows u]) siinultaiicoLisly with the sporoearp, so that by the 
time the i)rimary tapetal cells arc formed, the indiisiuni stands as high as 
the sporangium. Now from 4he base of the sporaiiginiii arise all round a 
number of })apillatc outgrowths (Fig. 30), tbe c ells containing dense proto- 
plasm like the tapetal cells and the central cell of the sporangium. These 
are the beginnings of the niicrosporaiigia. The s])orangial capsule forms 
the one-layered tapctiini and eight mcgasporc inotlier-cells. Shortly after 
the niicrosporangial protuberances ai)pear, the walls cjf the tapetal cells of 
the megasporangiuni dissolve. The tapetal nuclei lie around the now sepa- 
ratcvi and rounded oil spore mother-cells (Figs. 3G, 37). 

The megaspore mother-cells di\’ide and form eight tetrads, llie in- 
cliisium now grow's up to enclose the nicgasporaiiginm, all except at the top. 
Anabcena cells enter through this oj)ening and lie on the top of the mega- 
sporangium (Figs. 39, 41, etc.). From this point onwards the two kinds of 
Sporocarps begin to be differentiated. 
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Megasporocarfi. 

In the niej^as[)()raiigiiiin, thirty-one of the iiiegasporcs abort, while 
only one (h'igs. 42), whieh usually holds the central position, continues 
to develop. The incgasporangiuiu increases in size. Its stalk ceases growth, 
as also the young inicrosporangia at the base of the niegasporaugiuni. As 
the latter grows in size, it completely lills the sporocarp and the microspo- 
rangia arc scpieezed down against the st*ilk until they become hardly 
recognizable. 

The functional megasi)orc increases in size (Kig. 42). It is surrounded 
by densely granular ^irotoplasm in which can be seen the tapetal nuclei. 
A beak-like projection forms on the to]> of the spore. This is the beginning 
of the conical body at the to]) of the spore, which gets surrounded by the 
lloat-cor])uscles. 

The ripe female sporocarp (the mcgctsporocarp) is about I -5 mm. x 1 mm. 
It is pointed at the tip. The cells of the upper half of the indusium become 
hardened, lignilied, and dark-coloured, so that after the lower part decays, 
these U])per, dark-coloured cells remain as a conical ca]) at the top of the 
S]n)re, until it is jmshed aside by the growth of the embryo (higs. 58, (>4, (Hi). 
The thickening of the cell-walls of the inner layer of the cajj is peculiar (h*ig.G5). 
It takes the form of hair-like growths into the cavity of the cells. 

A longitudinal section of the mature sporocarp (h'ig. 15) shows that 
the spore with its lloat-corpuscles lills the sporangium com])lelely; and that 
the latter is in close contact with the resting cells of A naheena. Tlic 
niegasporaiigial w-all is at this ])lace rej)rcscnled by the membrane which bears 
mimeroiis hairy appendage.s, and wliich becomes cup-shaped (I’ig. G4) when 
the indnsial cap is imlled off. 

The ripe megaspore is more or less gloljfdar, with a firm yellow^’sh 
exospore, which in sections is seen to beradiall}' striated (I'ig. 45). Oubadc 
this are two more epi.s])ore walls the middle one f)f whieh is granular in seel ioji, 
which at the top of the si)ore forms the spongy conical structure, wdiich is 
surrounded by the lloat-corpu.sclcs. The outermost cpisj)ore wall, whicii 
has a densely granular structure, bears curious, rigid, fluffy-lookiug bodic.*^ 
(I'ig. 47), which later become rod-.shaped (I'igs. 48, 49). Thread-like out- 
growths arise, from the bases of these rods. (I'or the origin of these episporic 
appendages sec the Discussion, p. 189.) 

The megaspore is capped by the float-corpuscles, which form the 
‘‘Swimming apparatus” of vStrasburger (Strasburger, 1873, fifl, and Camj^bcll, 
1893, 1G3). These consist of nine parts in three groups, i.e., a ring of six 
below and of three above. The lower floats are slightly sunk in shallow 
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cavities in the sides of the central, spon.^y, conical structure. I'roin the 
latter, as well as from the ajiex of the floats, iilanienls, like those ^rowinj,' 
from the papilla.* on the surface of the spore, are ])ro(liiced in laij^e nunil)ers. 
The compartments the boats which look like the cells of a honeycr)inl), 
are not cellular in nature. They arise by vacuolation in the proto])lasni of 
the megasporangium. The similarity in structure between the massuhe 
and the epispore of the megaspore warrants the conclusion that the two 
are homologous. The threads attached to the episjjore may “moiphologieally 
as well as physiologically be compared to the glochidia” (Cam])bell, 1 I (H). 

Sometimes a cleft may be seen extending upward i)art way through the 
central conical mass, as Cami)bell (189:^ Kil) also states of A. Jiliathides. 

The megasi)orocari)S become ripe by about Ainil and arc liberal ed from 
the mother plants. They float about for .some days and then sink to tl»e 
bottom. At this stage the indusial wall disorganises, all but the cap. The 
megasporocar])S remain at the bottom till S(*ptcniber. 

M icvosporocuvp. 

\\'e have now to trace the development of the miciosporocarp from the 
stage at which the male and female sporocaips were yet undirferentiated. 
As above stated, a terminal megas])orangium is develoiped in both the sj)oro- 
earps. In the microsporoearp, however, this degenerates. This liai)])ens 
only after the tetrad divisions of the megasimre mol lier cells hc'ive taken 
place. Thus there is no doubt that this is an aboitive iiugasjHaanginm, 
as Stra.sburger and Tfciffer ( Ibu?) concluded from their study of A . Jiliculuidcs, 
Its contents .shrivel up, to the form of a few granular condensations (lugs. 

57). This .structure has Ijeen referretl to by some authors as the columella 
(PfeilTer, 1907, ^ol), but this is confusing because this term was originally 
ap])lied by Strasbuiger to the elongated receptacle on which the micro- 
si)orangia arise (»Strasburger, 1889, 8, and lug. 1 inu, 11. I). 

As in the case of the iiiegasporocarp, pa])ilke are foimed on the .stalk 
of the niegas])orangiuni at its base, the Inginnings of the microsporangia. 
Their growth was arrested in the megasporocarp ; but in the inicros])orocar]), 
many more of these arc formed in basi]K*tal siucession, and develojj into 
the niicrosj)orangia. 

A young micros] )orocaip, soon after it has begun to develop into one, 
can be distinguished as it is broader than tlu* mcgas])oroearj) of about the 
same age. The Anabcena cells crcc]) in at the lop of the iiulusium in the 
usual way. The iiidusium is two layers thick :is in tlu* leniale s])orocarj). 
Its tip i.s thickened and hard as in the female s]>orocar]), l.nit here it is sliort 
and abrupt. The body of the mauirc sporocarp is globular, only slightly 
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losing its sha])c by being pressed against its fellow, during the increase in 
size of both. The inicrosporocarp is more than twice the size of the female 
(hig. 40). bike tlie latter it receives a .vascular bundle into its short stalk. 

The microsporangium initial has dense contents. Its development 
proceeds in the typical leptosporangiate manner. The first division is 
oblicpic (I'igs. 50-52), producing an apical cell which after forming two 
further cells becomes a three-sided apical cell. The next division is peri- 
cliiial, cutting off an opercular cell enclosing the apical cell. The latter then 
cuts oil a layer of tapctal cells (I'ig. 52), and itself undergoes division till 
a Ifi-celled tissue is built up. These sixteen cells are the microspore mother- 
cells. 1'hey undergo tetrad-divisions ; the tapctal cells lose their walls 
and tlieir nuclei divide into a large number and help in the nutrition of the 
sporogenous cells. 

In the meantime the sporangial stalk elongates. It is composed of a 
row of cells, two cells in thickness (h'ig. 5:>). Branching of the microsporangial 
stalk is sometimes seen, the Ijranch bearing either another niicrosporangium 
or a sterile cellular filament (h'ig. 5:i), which might be regarded as a sterile 
m icrosporangium. 

Sixty-four microspores arc develoj)ed. They remain thiii-w'alled, with 
very little of granular contents. A clear triradiate mark is visible on their 
surface. The ri])c spore is about *0:15 mm. in diameter. 

A very large number of microsporangia arc produced in the niicro- 
.sporocarp, a median section of a full-grown specimen showing as many as 
thirty. 

When the sj)ores are nearly mature the formation of the niassnlac begins 
(Fig. 56). fn each sporangium there are formed rl -fi of them. They arise 
by vacnolation of the hardened protoplasm, rijsulting in a foamy appearance. 
The tapctal nuclei lie around the massulic, and they later develop — partly 
at least — tlie glochidiate i)rocesses on the inner sides of the massuke, i.c., 
along the faces where adjacent massulic arc in contact, as shown by Stras- 
biirger (1889, 17) in A. Jiliculol.fes. The glochidia themselves partake of 
the vacuolate structure of the massulaj. They are of various shapes ; some 
simple processes, others branched and hooked (Fig. 55). 

The ripe microsporocarps are liberated from the mother plant. They 
are red when shed but they soon lose the colour. They float about for 
some time and then sink to the bottom. The wall disorganises, and the 
bunches of microsporangia can be .seen for a long time, at the bottom of the 
water. I,ater the sporangia get detached, their walls also disorganise and 
the massulte containing the spores are set free. Massulae were found both 
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floatinj^ and sunken in September. The Jloatinj^ ones examined did not 
show the germination t)f the mierospores. vSorne of tlunn, liowever, were 
quite empty of spores, indicating a liberation of antheridia. 

Germination of the meyaspores. 

The megasporocarps remain at the bottom of the ponds during the 
summer. They germinate after the rains. 

As stated above, the indusium of the s])orocarp disorganises all but 
the thickened tip which remains as a mitre on the to]) of the iloat-corpuscles. 

The ripe megasporocarj) is full of oily contents which escai)e as a cloudy 
mass when a sj)orocarp is 2 )unctured under water. The oil, no doubt, is 
the food reserve. 

I have not seen how the lirst divisions take ])lace in the development 
of the female prothallus. From sections examined of the mature ])rothallus 
it is found that it fills only the upi)er ])arl of the spore-cavity. Berggren's 
observations (Bcrggren, PI. 1., Pigs. l.S, 15, 10, 19 and 21) on /I. caroliniana, 
and Campbell’s (1893, Pi. 8, I'igs. 43-49) on A. filiculoides show that in 
both these species the condition is as here described in A, pinnala. 
Mr. Sud’s (1934, 195, P'ig. 9) statement that in A. pinnata the prothallium 
fills the whole cavity of the megaspore is incorrect. I have not been able 
to ascertain when the germination of the mcgas])ore begins : whether 
before the detachetl sporocarps sink to the bottom or after. 

When the protliallus is fully developed and the archegonia are formed, 
the sporocarp lloats up to the surface. The enlarging prothallus makes 
its way through the tri-radiate opening at the top of the s])ore. It pushes 
aside the lloats and thus all the nine of tliein become separated from one 
another and project outw'ards, the lower six forming a ring below (Figs. 58- 
52, 01) show'ing six lloats syiijmctrically ])laced, and the up])er three in a 
ring above. The indusial cap is still at the lo]) in an erect position. 

I put some sporocarps in Knop’s solution* for algal culture, together 
with some microsporangia and massuloc. The sporocari)S floated u]) to the 
surface after about fourteen days. And within three days of this the young 
embryo plants had already developed in the same dishes. 


* KNOP’S SOLUTION. 


1. 

Magnesium sulpbate 

0.25 gm. 

2. 

Calcium nitrate 

1.00 gm. 

3. 

Potassium phosphate 

0.25 gm. 

4. 

Potassium chloride 

0.12 gm. 

5. 

Ferric chloride 

1 drop 

6. 

Water 

. . 1,000 c.c. 


B4 
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A hiri^e iiuin])er of arehegonia are jjrodnced in A. pinnata (Kig. 73), 
unlike in A. filicnloiden (Campbell, 1893, Figs. 49 51, 54, 55, 60 and 61), or 
/I. caroliniana (Berggren, PI. 1, Figs. 4-6, 10, 11, 13 and 15). More than 
lliirty were noted in one case (Fig. 73). The oldest arehegonia are at the 
centre, where the prothalliis is somewhat depressed. The venter is rather 
large, and adjacent arehegonia are often separated by only a single layer 
of cells (Fig. 63). The neck is formed of two rings of four cells each which 
are radially seriate (h'ig. 73) so that v/hen seen from above they look like 
two concentric circles traversed by a cross. The contents of the arehegonia 
were not preserved in all the i)rcparations. Only one of them seems to show 
a fertilisation stage (h'ig. 76). 

The prothallial cells are thin-wallcd and contain chlorophyll (I'ig. 67). 
Male. Pvoihallns. 

1 have not been able to follow the germination of the microspores. 
Mature male protlialli, however, are seen in large numbers in sections of 
the female protliallus developing the young embryo. The male j)rothalii 
were lying freely on the surface of the female protliallus, in the neighbourhood 
of the arehegonia (I'ig. 68). 

An important point which my investigations have brought out is about 
the male ])rothallus. In .1. pinnata the protlialli esca])e from the massulai 
which get hooked on to the nicga.s])orocarp (h'ig. 64), and come to lie about the 
female protliallus. C inijibell (1893, 169) who .studied the germination of the 
microi.porc and the development of the antheridia, did not see the dehiscence 
of the anlhcridia. He .says iJiat the ripe ]>rothallium remains c()mi>letcly 
embedded in the substance of the imissuke, and conjectures that probabl}- 
the sperniatozoids escajK* by a softening of the outer surface of the iiiassula. 
Judging from the case in Salvinia, we shuiihi cxjiect that in Azolla also tlic 
male protlialli escape as a whole from the ina.ssulte as they do in Salvinia, 
where they are said to be easily detachable (Campbell, 1928, 400). Tlu* 
facts observed in A. pinnata fullil this anticipation and suggest that the 
same is the case in all the othci species of Azolla. 

Ferlilisation. 

Fertilisation most jirobably takes idace at the surface, after the female 
sporocarp has floated up. The arehegonia of the protliallus wdiich just came 
up to the surface showed no fertilisation. Campbell (1928, 414) says the term 
''Swimming apparatus" applied by Strasburger to the float-mass is a mis- 
nomer, as the sporcK'arps sink to the bottom when they are shed from the 
mother plants. If this were true, it would be hard to explain their presenc(\ 
I think that the term is still applicable, but that the floats become really 
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functional when the female prothallus has tlevelopcd and the ardicj^onia are 
ready for fertilisation. 

Embryo. 

I could not follow the developnienl of the embryo plant in its early 
stages for lack of material. As the embryo de>elops it pushes aside the 
indiisial cap, which at this stage is thus tilled at 00“ (I'igs. 58 02, (M, 

The megasporocarp remains attached i(i the young jdant till it has produced 
8-10 leaves. The “foot” remains embedded in the archegoninm. The hiwcr 
walls of the. cells of the foot, i.e., where it is in contact with the floor of the 
archegoninm, becomes somewhat Miickened (big. 70). 

Tlie development of the stem-tip of the embryo ])lant is similar to that 
of the adnlt plant. 1 could not .study the development of the lir.^t leaf 
or “cotyledon”. The lirst root of the embryo grows obliquely on one side 
(Pig. 71). The lateral branches are formed by the young ]>lant before it has 
produced 8 or 10 leaves. 

The resting cells of .Anaha^ua present at the tip of the indnsinm gel into 
the cavities of all the leaves, cxce])t the cotyledr)n. As Cainj)bell describes 
(Campbell, 189:1, 182) “they a.ssnmc the blnc-grecn colour of the active 
cells, elongate and divide ra].)idly by a series of transverse, walls into short 
filameiits that at first look like Oscillayia*. The cells are then rounded olT, 
the heterocysts are formed and the typical form of the ordinary filaments 
is attained. 

Discussion. 

In his preliminary note on .1. pinnata Sinl (I9:M, 1 00) .says that his 
observation about branching of the stem differs from that given by Ihigler 
and Prantl (1902, I Teil, 1 AbL, '^JDl). Tie has mistaken the term “extra- 
axillary ” and says "that is, here, a lateral branch is said to rise o])posite 
a leaf”. The term only meai’rs that blanching is not in relation to the 
axil of a leaf, as Snd him.self has ob.servefI (Slid, 1054, 100, Pig. I). Tie 
ai.so says that the growth of the leaf, at least in the earlier stages, is by 
means of an apical cell. I have been able to confirm Strasbnrger’s (1873, 
41) statement that there is no apical cell in the leaf of Azolla. The growth 
is by means of divisions of the marginal cells of the leaf, a kind of growth 
seen also in the development of the imhisial wall. In a section of a young 
leaf, one of these marginal cells is necessarily found at either end of a 
section (Sud's Fig. 56) ; these marginal cells Snd has mistaken for a))ical 
cells. 

Sud*s drawing of the female prothallus is incorrect. He says that the 
prothallial cells fill the whole of the spore-cavity (Sud, 19:14, 195, I'ig. 0) ; 
“iu the lower part the cells are smaller in size and in thc*ui)per they become 
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elongated and narrow. The latter are similar to the prothallns cells of A. 
caroliniana figured by Berggreii The fact is that the ni)per part alone is 
the true i^rothallus. The lower part, as his drawing shows, is not cellular 
tissue at all. He has mistaken the granular condensations of protoplasm 
and food matter for cells. 

vSud did not observe massiihe attached to the megasporangia (Sud, 1934, 
105) and conjectures that the glochidia arc rudimentary and do not serve 
for attachment. My observation shows (Kig. 04) that the massiilsc get at- 
taclied to the niegasi)orangia as is known in A , Jilicitloicles (Campbell, 1893, 
I'ig. 75, PI. IX) and A. caroliniana (Herggreii, Pig. 2, PI. 1). 

The stoma of the mature leaf in A. pinnaia is a simple perforate cell. 
In A. /iliculnifies Strasburger has shown two septa across the guard-cells. 
Haberlandt (1914, 409) says that in /I . caroliniana also the ‘pore is elongated 
at right angles to the ])lane of the .septa l)etween the two guard-cells and 
these septa finally become partially or entirely obliterated *. I could not 
see any such septa in my preparations of A . pinnaia. It may be tliat I 
did not come across young enough stages. 

The constant association of Anahcena with Azolla is interesting. 1 
have never seen a leaf-cavity or a megasporocarp of Azolla which does not 
contain Anaba*na. But the physiological aspect of the relation between 
the two plants needs critical investigation. Neither of the plants seems to 
suffer by this association. Whether they are mutually beneficial is not 
known. Judging by the ])resencc of Analuvna about tlie extreme apex of 
the stem and of an early development of an invagination in the dorsal lobe 
of tlie leaf, it would seem as if the Anabicna induces a stimulus to tlic 
formation of the cavity. The Anahcna has become clo.sely adapted in 
conformity \\ith the life -history of Azolla ; the cells entering the sj)orocaT )S 
become resting cells just as the sporocar])r are also resting organs. ‘I'lie 
resting cells of the Anabcena germinate when the embryo plant deYelo]>s. 

The origin of the involucre enveloping the sporocurps has been a subjei t 
of colltrovers 3 ^ »Strasburger held that the sori represent the transformed 
leaf-lobes, and conceived the involucre as the lower lobe of a leaf, wdiile 
Campbell came to the conclusion that the whole of the ventral lobe goes to 
form the sori and that the involucre is derived from the whole of the dorsal 
lobe. Goebel (1918, 1133), wdio examined this point again, says that the 
sporophyll results from a division of the lower lobe, which occurs early : 
the whole of the upper lobe docs not form the involucre, but remains as 
before, receives a vascular strand, and posscvsses an Anabcena cavity; and 
at its base it produces a wing-like flap which envelopes the sori. IMy obser\’ii- 
tions confirm those of Goebel (Big. 40). 
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Strasburger calls only the outermost sheath around the root as the 
root-sheath (Strasburger, 1873, 45) while the two inner he calls the root-cap 
proper. In all typical roots the root-liairs arise behind the root-cap. In 
Azolla the so-called root-ca]) envelopes the whole root, root-hairs and all. 
I think it would be more appropriate to call all the three layers by the 
name root-sheaths. The root-sheath is a peculiar analogue of the root-cap, 
but is not a true root-cap. The older workers called the two inner sheaths a 
root-cap proper and the oiiternio.st a root-sheath as if for fear of saying 
that there is no root-cap developed in Azolla^ wJiile they were aware that the 
whole structure was unique. 

The appearance of a primary megasi)oraiigiuin in both mega- and 
inicrosi)orocarps shows that perhaps originally the sporocar])s were 
bi.sexual. The degenerate niegasporaiiginm in the niicros]>orocarp also 
indicates that the sporangial primordia about the megasporanginm are 
microsporangia (PfeilTer, 1907, 451). 

The microsporangial stalk is seen branching in some cases, the branch 
bearing either another microsporangium or a sterile cellular filament 
which may be considered an abortive sporangium. This occasional feature 
recalls the branched sporangial stalks of Salvinia. 

There is no trace of an annulus in the sporangia. This is perhaps to 
be attributed to the acpiatic habit of the ]>lant. This is the case in all the 
Hydro])teride3e. 

In the megasporangiuOi the spore embedded in the epis]iore and cai)ped 
by the spongy conical h()dy% and the float-corpuscles are to be homologised 
to the massular divisions in the micros])orangiuni. The conical body may 
be regarded as the honiologue of tlie tri-radiate mark. As Campbell (1893, 
\M) says “the threads attachpd to the episporc may morphologically as 
well as ^physiologically be compared to the golchidia”. The sjiore capped 
by the conical structure and surrounded by the ej)ispore is to be regarded 
as the single functional spore of the single fertile inas.sula. Ihe floats may 
be regarded as sterile massula*. 

Strasburger and Campbell agree that the episporic thread-like appendages 
are formed by the tapetal nuclei and ])rotoj)lasni. A reference to our big. 65 
showing the peculiar thread-like thickenings arising from the cell-walls of the 
iiidusial cap suggests that the appendages have perhaps partly at least been 
contributed by the thickening in the megas])orangial wall. 

Several botanists have suggested an analogy between the megasporocarp 
of Azolla and the seed of the spermaphytes. bachler (in Englcr and Prantl, 
1889, Teil 2, Abt. 1, p. 1C) has used the term “monaiigic sorus" for an ovule 
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and regards the integument as homologous with the indusium. The seed- 
like modification of the megasporocarp is a much more modern contrivance 
than the seed (Arber, 1906, 229). 

Tlic present study has shown tliat while on the whole the structure and 
life-history of A. pinnata are very similar to those of the other sjiecies 
described, there are important dilTerenccs in detail. 

The genus Azolla holds a somewhat isolated ])osition. Its nearest ally 
is uinpiestionably Salvinia with which it is placed in the family Salviniaceie. 
The Salviniacca* have their affinities witli the hrnnosi^orous Kilices, or the 
lower menibers of the leptosporangiate series, and probaldy with the Ilynieno- 
phylhicete — Gradate Marginales of Bower (1928, Vol. 3, p. 262). The Salvi- 
niaceie and Marsileacea?, both heterosporous he])tosporangiata', have had 
a s])ecial line of development, differing from that of the other Vilices, as a 
conse(|ueiice of their arpiatic or ainphibirms ha)>itat. 

Fossil History of the H yd ropier itiece. 

It may not be out of place here to give a sketch of the fossil history 
of the Hydro] )teridea\ It will be of interest on account of the extreme 
specialisation of the grou]). 

Salviniacccv. — Salvinia is represented by several Tertiary species. I'lorin 
(1919) has given a list of ten such si)ecies, nine of them ranging from 
Gocene to Mio-riioceiie, and one from what may be the Upper Cretaceous 
rocks of Carbonado, Washington (Seward, 1910, Vol. 2, p. 262). There are 
several others in addition to these (Berry, 1930, Kirchheimer, 1929, 1930, 
1931 and 1932). The species for the most part have been founded on 
leaves only, a few on sporocarps alone, and a very few on complete .s])ecimens. 

Three extinct species of Azolla have ^'cen described. A, intertrappeo 
Sahni and Rao (Salmi and Rao. 1931, Part 1, pp. 26 27) from the Decc.ui 
Intertra])])eans of Imlia, A. iertiuria Berry (1927, \ 5) from Western Nevada 
and A. prisca Reid and Chandler (1926, -107), from the Oligocene of the Isle 
of Wight. Both A. pinnata and A. filicidoidcs have been recorded in the 
fossil state from Pleistocene de]>osits in Holland (Florschiilz, 1928). These 
two ])re.sent-day spccic.s liave not been found in rocks earlier than the 
Pleistocene. The Indian species A. intertrappea, which as vSahni (1934 
134-136) has shown is probably of h^ocene age and therefore the oldest known 
species of the genus, shows characters resembling the .species assembled 
under Euazolla, viz., in having three “floats” and anchor-like glochidia. 
This supports the view above expressed that the present-day Indian species, 
A. pinnata has been derived from the Tertiary species which resembles A. 
filiculoides. Also, the nine-lloated “swimming apparatus” seems to be more 
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recent than the three-floated condition. A. prisca Reid and Chandler 
(1920) combines the characters of the two sections of Azolla, l?uazolla and 
Rhizosperma. The occurrence of glochidia and tlie tubercled lilament- 
bearing niacrospore shows that the fossil is related to the Enazolla^ — more 
particularly to the species A. JHiadoides. Hut in the i)ieseiice of nine floats 
to the macrospore it resembles the Rhizosperniie. Probably, therefore, 
it represents an ancestral type in which features now distributed were com- 
bined. Reid and Chandler, however, say that it must belong to an earlier 
stage of evolution than the two sections. 

As regards the Palaeozoic genera Traquairici Carr. (Mrs. Scott, 1911, 
459-407, Pis. 119-40) and Sporocarpon Will., Prof. Seward .says that comparisons 
have been made with the reproductive organs of Azolla, but that these rest 
on a wholly insufficient basis (vSeward, 1910, Vol. II, 470). Similarly in 
the case of Protosalvinia Daw.son and Clioytonnpiens Corda a relation with 
the Hydropteridcie has been suggested on insntfiiM’ent evidence (Seward, 1910, 
Vol. II, 470). 

Marsiliacea\ — The fossil history of the Marsiliacete is more uncertain. 
The Wealden genus Maysilidium Schenk (Seward, 1910, Vol. II, 471) cannot 
be regarded as satisfactory evidence of the family in the early Cretaceous 
flora. The Cretaceous Maysilia Andeywni Hollick (Seward, 1910, Vol. II, 
171) is too fragmentary to be accorded that generic name. The fragment 
figured by lleer from the Tertiary rocks of Oeningen as Pilulayia peihtnculata 
is too small to determine with reasonable accuracy (Seward, 1910, Vol. TI, 
175). A few other fossils are still more doubtfully assigned to Maysilia. 

The Mesozoic genus Scv^enopleyis seems to have had a long-standing 
claim to be compared with Maysillu. It has, however, recently been shown 
by Ilamshaw Thomas (1925) that Safienoptcyis leaves are in all ])robability 
the foliage of plants which bore reproductive organs indicating aflinity to the 
CiiyUmiales (Seward, 1951, 509, 507, etc.). 

According to Harris (1951. 159) “The small ovoid fossil llydyoptcyid- 
aw^ium maysilioides Halle, which Halle suggested was a sporocari) of the 
Marsiliacea', is altogether doubtful. Its structure is inconclusive and the a.s.so- 
ciated Mrt/.s27/^-like leaves --Sngenoptcyiii--axQ now thought to belong to the 
Caytoniales''. Prom his own study of better preserved Rha-tic material 
from East Oreenland Harris (1952, 122 127, PI. 9, PI. 10, I*igs. 5 8, PI. II, 
1‘igs. 1, 2, 15 ; Text-1 'ig. 52) concludes that the relationshij) between Ilydyo- 
pleyidantaj^iun and the Hydropteridere is out of the tjuestion. He says that 
it must belong to a seed plant (Gyiiiiiosj>eriii) and its sj)ores must be micro- 
spores. 
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The families Salviniaccaj and Marsiliacese are probably not at all related 
together. The latter seems to have affinities with the Schizaeaceae, while the 
former is perhaps nearest related to the Tlymenophyllaceae (Bower, 1908, 551 ; 
and 1928, Vol. Ill, 262). They are generally grouped together on account of 
their heterospory and atpiatic habit. 

We may conclude this brief sunmiary with the authoritative opinion of 
Professor Seward : "'There is no evidence contributed by fos.sil records which 
indicates a high antiquity for the Hydropterideie. It is unsafe to base any 
conclusions on the absence of any undoubted palaeozoic representatives of this 
group : but the almost complete absence of records in ])re-Tertiary strata is 
a fact which may be allowed some weight in regard to the possible evolution 
of the heterosporous filicales at a comparatively late period in the earth’s 
history” (Seward, 1910, Yol. II, 477). 

Summary. 

Work on Azolla pinnaia was taken up as a necessity was felt for 
a comprehensive account of at least one species other than the well-known 
A. filiculoides. A. pinnata seemed specially suitable as it belongs to the 
second sub-genus Rhizosperma. 

A short historical review of the previous work is given. 

In the structure and development of stem, leaf, root, sporocarps, ganielo- 
phytes, etc., A. pinnata is essentially similar to the other well-know^n sj^ecies, 
while there are important differences in detail. The general course of the life- 
hi.story is as follows : fertilisation takes place in Se])lember or October. The 
resulting fresh plants mature in S])ring. By about Ai)ril the sporocarps ri])en, 
and are shed. The si)ores rest during Summer. The megasporocarp with 
the attached nia.ssultC lloats up before fertilisation. 

The Discussion takes notice of the incorrect observations of >Sud and 
other workers. (loebel’s view of the nature of the involucre has been ci.n- 
lirmed. The advisability of employing the term root-.sheaths, instead of both 
root-sheaths and root-cap is suggested. The author has observed an 
occasional branching of the mic .yKSporangial stalk, bearing more s])orangia 
than one, or the .sj)orangia repre.seiited by .sterile filaments. A peculiar nio(!e 
of thickening in the cells of the indusial cap is noticed. 

All important point brought out is that the male prothalli of aA . pinnaia 
are detachable. They escape from the massuhe which get hooked on to the 
megasporocarp, and come to lie about the female prothalli. It is suspected 
that the same occurs in the other species. 

A brief summary of the fo.ssil history of the TTydropteridese is given. 
I^iterature on the fossil species of Jizolla shows that the A. filiculoides type 



The Structure and Life-History of Azolla pinnata R. Brown 195 

(viz., A. intertrapped) is the oldest known, viz., in the Koceiie; a synthetic type 
combining the characters of the two sub-genera is found in the Oligocene, and 
both A. filiculoides and A. pinnata arc known from the Pleistocene. There is 
no evidence in the fossil records for a high antiquity for the Hydropteridete : 
the oldest authentic records are Tertiary. 

Further work on the germination of the spores and early development is 
hoped to be taken up. 
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of a Research Fellowship during the course of this work. 
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EXPLAXATTONS OF PIiATES. 
Ahuumvi.^tio.ns I ' ski». 


a 

Point of attachment. 

ab 

Ahsci.ss layer. 

a.m(j. 

. . Aburtive niegaspor.*ingiiim. 

ar 

. . .\rchegoniiim. 

c 

. . Collar around base of root. 

d.l. 

Dorsal lobe of leaf. 

e 

.. hjidoderniis. 

fl 

. . h'loat. 

f.m. 

. . Fragment of megasporc wall. 

h 

Hair. 

h.a. 

. . Hairy appendages. 
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i.c. 

in 

m 

ma 

mg.w. 

nil 

m.p. 

o.a.c. 

P. 

ph 

r 

rJi. 

r.s. 

s 

St 

ih 

iM. 

v.l. 

X 


Indusial cap. 

Involucre. 

Mcgaspurc. 

\fa.ssula. 

Mc{;asporaiiKiat wall. 

M icrosporaiiKium. 

Male Prothallus. 

Opening of Jnabcena cavity, 
rericycle. 

Phloem. 

Ro< it. 

Root-hair. 

Root-shealh. 

Stoma. 

Stem. 

Tliickeiiiiig. 

'I'apetal nucleus. 

Ventral lobe of leaf. 

Xylcni. 

Pl.ATK XHl. 


Imc. 1.- A .sp<irophyte plant of AzolUi pinnata, showing the root witli the characteristic 
root -ha i r.s. X (k 

Fir.. 2 —Plant seen from alxjve. X 

Fir.. 3 Plant .seen from below showing the sporocarps. Their involucres are shown 
black. X 

Fig. 4 ---Pl.ant seen from below. Note the collar around the base r)f tlie root, x 

h'lGS. .S iS: li. Stem apex, with the Iieginiiiiigs of the lateral organs. X See al.so Fig. 8. 

Img. 7 ;\ young leaf-lobe showing the regular tangential .ind radial cell-divisions. X 

Fig. 8 Stem .apex. X (5) (h). 

Fig. 9 — Shows the margin tif the lower leaf -lobe. X 

]‘'ir.. 10 Stele <if the stem, slightly ohli(iue. X 

I'lG. 11- Sagittal section througli the apex of the .stem .showing the first division in the 
apical cell and an young root with three root sheaths. X 

Fig. 12. — T.S. of part of the stem, showing stomata and hairs. X 


Pi,.\TE XIV. 

Fig. 13. — A leaf. The underside of the dorsal kibe is seen with the opening of the Aua/urna- 
cavity, with radiating cells around it. Note the .^^tomata. 'fhe .shaded part i.s 
thick. The clear margin of 4-5 cells is one- cell thick. X 

Fig. 14.- Section of an young dorsal-lobe of leaf .showing the already formed Analucna^ 
cavity. X 

Fig. IS.—Scction of a stoma of leaf. X 
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Krc.s. U»-19. -Hairs in tlic cavity of leaf. X 

Imc. 20. -Absciss-layer of branch of .stem. X 

h'ic. 21. -SlKJwing the dorsal and ventral leaf lobes, the Anab(cna-c^w\iy in the former and 
a simple cavity in the latter. Note the mouth of the H/ui^rrart-cavity. X ^23. 


Pi, ATE XV. 

Fio. 22. -See Fig. 21. X 80. 

I'u;. 23. L.S. of root. Note the three root-sheaths and the apical cell. X ^06. 

I'lo. 24.- TangcMitlal section of root, across the root-hair papilla;. The three root-sheaths arc 
indicated. Note the regular pattern of the section. X 

I'lr.. 25. [,.S. of leaf to .show the s tiialuciia-csiwiiy and its opening. X 

h'n’.. 2o. Voiing root-hairs, with the intervening cell.s. Tlie latter increa.se in number during 
the growth of the root. X 

Imc.. 27. 1,.S. of i)art of root. Note the three root- sheaths, the al)sciss l.ayer of smaller 
Cells at the base of the root, and the tracheid from the stem, supplying the root. 

X ^00. 

Plate XV I. 

h'lr,. 28. -'Pip of root after the root-sheath has been slipped off. X 

h'lr.. 29.- 1,.S. of young root, showing the four rool-sheaths of which the second from outside 
is di.sorganising. X 1-'^- 

Fio. 30. Ktwjt- sheath slipped off from the adult ro<d, the tip of which is figured in Fig. 29. 

X »)• 

!'io. 31. -I,.S. of young root, a .stage later than the one seen in Fig. 29. X 
h'li*.. .12. -'r.S. of root. X *^80. 

Plate XVII. 


Fig. 33. - -1,.S. of a pair of very young sporocarps, with their invohicrc arching over them. 

X 20(.. 

h‘iG. 34.- Hairs at the ha.se of the sporocarps. X ?d6. 


Fig. .35. -fy.S. of very yoniig sporocarps. X 2b(i. 

I'lG. 7.h. U.»S. <if young megasporocarp, showing the se\')araiing .spore tetrads. Note the 

Ijapillie at the base of the megasporangiuin. X 

h'lG. 37. -L.S. of inegasporucarj), .showing tetrad formation in inegasporangium. X 

Fig. .38. -.An ohli(|ne section of an young megasporocarp showing the single mega.spore 
developing and three clisorgaiiiding .spores. The smaller nuclei arc tapetal. X 

I’k;. 39. L.S. of megasporocarp at an earlier stage than Fig. 38. X 

Fig. 40.- Shows the flap of the dorsal lobe of leaf which forms the involucre of the .sporocarp.s. 

X W.. 


PtATS XVIll. 


Fig. 41. — L.S. of young megasporocarps showing the divisions in the sporogenous tissue. 
The lapetum is partly disorganising. X 

Fig. 42. L.S. of young megasporocarp showing the functional mcgasporc with a beak on its 
top. It is the beginning of the conical body at the top of the .spore which gets 
surrounded by the float-mass. X 



The Structure and FAfe- History of Azolla pinnata R. liroun 199 

FjOf. 43. L.S. of an younK microsporocnrp with tho UTininal ahnrlivc im.*i»as]) >ran}{iiiin. )>/ 3(K). 

F](i. 44. --L.S. of iiicgasporucarp showing the inegasfxiros and tap(‘tal nucloi. hVoni t]ii.s 
stage the single funeliunal inegaspore develops further and the others al)ort. X 

Pl.ATK XfX. 

FiC. 45.-- T,.S. of mature megasporoearp jiartly reennstrucled. The innermost spore-wall 
has brt>ken and curled inwards. X 

Fig. 46.-— Involucre surrounding the st)orocarps. The inicrospfwoearp (A) has been detached, 
its p(»int of attachment being seen at ‘a'*. X 

Figs. 47-49.- l^roccsses on the surface of the megaspfjre. l‘ig. 47 shr)ws an earlier stage 
than Figs. 48-49. In Fig. 48 arc seen the points of attachment of the thread-like 
appendages. Fig. 47 X ^‘’8- X 

h'lGS. 50 -5J. -Three stages in the development <if the !niiTosi)f)rangium. X 

Fig. 53. —Stalk of microsporangiiim, tw(»-cells thick. Xule the sterile filamentoiis branch. 
Sometimes another inicrosporangium reidaces the sterile lilanient. X 

Fig. 54. — Stellate hairs which forin the wall of the micrj)sp>)ra!)gium. X 

F'lO. .55.- A glocliidiuiii. Note its vacuolated nature. X 

Fig. 56. — A mas.sula with microspores and glochidia. X 

Fig. 57.- An oh1i(|ue section of a niicro.sp»)rocarp with the terminal abortive megusporangitini. 

X 253. 

Pt.atr .XX. 

I'lG. 58. -An young embryo tilaiit, showing the two rings of fkjats, the female prothallus, 
the first leaf and the indusial cap tilteil at right angles, t^ee also h'ig. 
Diagrammatic. 

J"iCS. S9-b2. Young embryo plants with a few leaves only developed. 

Fig. <)3. T.S. of female prothallus showing nine anhegonia, adjacent ones often sei>arateil by 
only one layer of cells. X 

Fig. 64.- Sporocarp with female timlh.'vlkx^ Note the massiihe (shaded) attached to the 
sporocarp. 'J'here arc seven of theiii. 'I'he floats are not shailed. See the cup- 
likc structure at the top of the sporocarp from which a nninlier of threail-like 
appeiulages arise. 'I'he indusial cap is lilted on one side; a few of its cells 
are shown rather diagrammatic. X 

i'ic. (.5 i..S. of the indusial cap. Note the peculiar thickening of the cell-wall projecting 

into the cavit}' of the cells, the re.stiiig .Inuluciin cells and the mass of thread- 
like apt)endages. X *^8. 

Fig. 66. — 'J'he embryo plant shown in figure 58 .seen from above. Xote the two rings of 
floats and the indu.sial cap. The margin of the c<»tyledon is .shown black. 
Diagrammatic. 

Pl..\TK XXI. 

Fig. 67.- -T,.S. of female prothallus .showing two archegonia. The prolhallial cells contain 
chlnroplasts. X 

Fjg. 68. — A male prothallus. X 

Fig. 69. -T.S. of .sporocarp with the female prothallus cut near its base. As the prothallus 
arches over the cavity of the niegaspore, at this level, a .sccticm shows a clear 
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Space in the inicldlc. The six lower floats are arranged symmetrically all round. 
Note the hairy apiiendagcs and part of the inegaspore-wall (black). X 

Kio. 70. — Tv.S. of embryo plant embedded in the female prothallus. The wall of the 
'foot' cells in contact with the base of the arclicgonium is somewhat thickened 
(black). X 

Platr XXII. 

Fig. 71. Photograph of AsoUa plants closely covering the surface of the water. Nat. size. 

Fig. 72. -JMiotograph of a megasporocarp with the prothallus developed. Seven massulsc are 
found hookccl on to the sporocarp. See also Fig. 64. 

Fig. 73. — Photograi)li of the female prothallus seen from above, showing more than thirty 
archegonia. 

J*iG. 74. -Photograph of a number of embryo plants at various stages of development. Note 
the oblitjuely borne roots of the older plants. 

l*'iG. 75.--T.S. of the female prothallus .showing a number of archegonia and a few male 
prothalli. 

Fig. 76. — L.S.' of the female prothallus showing an archegonium at the fertilization stage. 
Note the two nuclei. 
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INVESTIGATIONS ON THE ROLE OF SILICON 
IN PLANT NUTRITION. 


Part n. Adsorption of Silica in Soluble Forms by Colloidal Oxides of 
Iron and Aluminium. 

RY a. SxaCKNIVASAN, M.A., 

{l^rom the Department of Biochemistry, Indian Institute of Seienre, Bantjatore.) 

Kcceived January 1925. 

(ConimuiiicaU'd hy Prof. V. Siiliraliinanyrin, n.st*., v'.i.e.) 

In a j)rcvious comnninu'atioii (Sreonivasan, lOl’jf)) it has been shown that 
when a soluble silicate is added to the soil, part of it, de]>endiiig ui>oii the 
concentration in solution, the nature of the soil and, to some extent, its 
moisture content, is rendered insoluble almost immediately altcT addition 
and that the seat of interaction between the soil and silicate is in the colloidal 
fraction and is probably almost entirely due to the mineral colloids of the 
soil. Since when Van Remmelen (1879, 1888, 1900, 1901) j)ointcd out the 
colloidal properties of the soil, several investigators have studied adsorption 
I)henomona in clays where these latter have been treated as a wliolc, but 
in most of the w^ork thus far done, the systems have been so complex that 
it has not been possible to say whether one had physical adsorption or chemical 
combination or both. It was considered iJiereforc that a better insight 
into the nature of interaction betvveAi tlie soil and soluble silicates could 
be obtained b}'' w^orking with jnire colloids. The natural inorganic colloids 
of the soil are conipo.sed mainly of colhndal silica, iron oxide and alumina. 
In fact they represent adsorption compounds of indelinite composition formed 
by the mutual precipitation of colloidal hydroxides of o]>posite charges. 
A few workers have studied the ad.sorptioii of various salts by imre c'olloids 
like irrm oxide and alumina. Thus Gordon and his co-workers (19*22, 192‘1), 
Miller (1928), Ghosh and Bhattacharya (19-50) and others have thrown useful 
light on the r6le of soil colloids in plant nutrition and as to how some salts 
in certain forms become available for plant food. 

In the present investigation, adsorption of silica from solutions of sodium 
silicate and from silica sol by pure hydrogels of iron oxide and alumina 
has been studied. The adsorption by these colloids of silica under different 
hydrogen-ion concentrations has also been followed as it w^as hoped that 

201 


B5 



202 A. Sreenivasaii 

such work might ex])laiii how aciility or alkalinity of soil affects silicate 
adsorption and its usefulness, direct or indirect, as jdant food. 

Experimental. 

Hydrogels of iron oxide and alumina were prepared by addition of 
ammonium chloride and ammonia tf» solutions of ferric chloride and aluminium 
su1])liate re.specti\ ely. The jnecipitates were allowed to settle and washed 
by repeated decantation with distilled water until the supernatants were 
free from ammonia and chloride or sulphate as the case may be. As much 
of the water as possible was now syphoned off and the suspensions slocked 
as such. 

Sodium silicate solution was made by diluting Kahlbaum’s *25 ])cr cent, 
sodium silicate to ten times its volume and stocking it as such after liltration. 
The silica in a known volume of this solution was determined in the manner 
previously described (Sreenivasaii, he. cii.). 

vSilica sol was obtained in pure condition l)y continued dialysis, for o\ cr 
10 days, of a mixture obtained by slowly adding sodium silicate solution to 

Taum*: T. 


Silicate added 
(as mg. of silica 
in 200 C.C. of 
solution) 

Initial I'm 
of silicalti 
solution 

Silicate in 
solution after 
adsorption (as 
mg. of sili( a) 

Silica 
retained 
by gel 
(mg-) 

I’er cent, 
retention of 
silica 

Retention of 
silica per g. of 
dry gel (mg.) 

Pm of silic ate 
Koliition 
after 

adsorption 


Fciric hydroxide gel = 

= 370-0 mg. 

Fe.O:!. I’m 

- 7-0. 


75«1 

8*0 

10*0 

65-1 

86-7 

173*2 

8-4 

125*1 

9*0 

42*0 

83*1 

06-4 

221-0 

8-0 

250*2 

9*2 

130*1 

12t)-l 

4F-1 

319*4 

8*8 

375*3 

0-5 

224-2 

151-1 

40-3 

401*9 

9-2 

500*4 

9*7 

327-9 j 

172-5 

34-5 

458-0 1 

9-0 


.Mumina gd = 161 *0 mg. Al 2 ();i. I’n — 8*0. 


75*1 

8*0 

23*9 

51-2 

08*1 

320*1 

8*0 

125*1 

9*0 

56-8 

09*3 

55*3 

441-2 

8-8 

250*2 

9*2 

100-0 

90*2 

30-1 

674-6 

9-2 

376*3 

9-5 

280*1 

95*2 

25*4 

000*3 

9-0 

600*4 

9*7 

307*9 

132*5 

20*5 

843*9 

9-8 
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dilute hydrochloric acid until tlic latter was just in excess of the lornier. 
Dialysis was done in a parcliinent membrane and until free from chloride. 

Effect of additiofi of different ijnattlilics of sodium silicate to iron and 
alumina gels. — lOc.c. of each of the gels (containing respectively :i7t* and 
1 57 mg. of iron oxide and alumina) were taken in stopi)crcd bottles and treated 
with 200 c.c. of a solution containing dilTerent known cpiantities of silicate. 
The mixture was in each case shaken repeatetlly and let stand ox ernight 
so that equilibrium might bo attained. They xvere then iiltered and the 
silica in aliquots estimated. The Il-ion concentration of tlu; silicate solution 
before and after adsorption was also determined colorinietrically using a 
Hellige comparator outfit. The total silica in solution was calculated, the 
water present in the gels being also taken into account so that the retention 
of silica by the gels was expressed on their dry weight. The results are given 
in Table I. 

Ill another set of experiments, identical rjuantitics of the silicate as in 
the above, but in ItlOc.c. of solution were added t<x the same weights of the 
gels so that although the amount of silicate was the same as before, its con- 
centration was in each case double that j)rcviously used. The results arc 
given in Table II. • 

Taki.k it. 


Silicate added ■' as nig. 
of silica in 100 c.c. 
of solution) 

j Iron hydroxide - 376-0 mg. 


Alumina ^ 167-0 

mg. Al; 

jO,. 

! c c 

: .2 .£ 
i 3 0..9 

i *0 0 

■ 

V WJ 

i ? t S 

1 

V 

c 

*rt — 

^ s 

■ilu 

Retention of silica 
•per cent. 

5 « 

.2 .2 

3 Q4.'s! 

"o 5 

r -7, v»5 

*- s 

^ JJ 

u a r. 

>1 

6 

a 

■3 _ 

d 

'7 

o 

.2 « 

5 It 

c u 

Silica retained per 
g. of dry gel (mg.) 

125-1 

39-2 

85-9 

68*7 

228-4 

43-6 

81-5 

65-2 

619*2 

200-2 

70-0 

130-2 

05-0 

346-1 

7G-7 

123-5 

61-7 

786-5 

260-2 

114-1 

136-1 

54*4 

361-9 

i 132-2 

118-0 

47-2 

751.6 

375-3 

220-1 

165-3 

41-4 

413-0 

271-7 

103-6 

27-5 

1 

6.59-8 

600-4 

306-4 

194-0 

1 

38-9 

615-9 j 

3-12-4 

158-0 

1 31-6 

1 

1007-0 


It would be seen from Tables T and 11 that adsorption similar to that 
observed in the case of soil (Sreenivasan, loc. cit.) takes place also in the case 
of the gels of iron oxide and alumina. While as with the soil, the percentage 
adsorption decreases with increasing amounts of added silicate, a comparison 
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between Tables I and II will show that adsorption is greater for the same 
anion lit of added silicate when it is prcvseiit in half the volume of the solution. 
A comparison of the iigures for the retention of silica per gram of dry gel 
would show that alumina retains nearly twice as much of silica as iron 
hydroxide gel. 



Fij: 1 . Adsorption of silicnlf by pels of»'ron oxide and aliiinina. 

0—0 F<’iTie bydi(»xide jicl. 

• AJiiiiiiniiim hydroxide pel. 

Til Kig. 1, the amount of silica ictained by the gels of aluiriina and iron 
hydroxide (Table I) liave h'een olotled against the corresponding quantities 
present in solution. It is seen that the process is an ordinary adsorption 
obeying more or less the usual logarithmic proportionality law exprcsircd 
by Krciindlich icf. Sreeniva.saii, loc, cit.). 

In the above experiments the quantities of silicate added were probably 
far in excess of the actual weights of the adsorbing compounds— iron 
oxide and alumina and liciicc the results may not be strictly conijiarablc 
to the previous studies on soil and silicate solutions. Hence in the followiiii’ 
experiments the jjroportion of hydrogels to silicate was increased. The 
amount of silica in solution was estimated as before (Table III). 



Roie of Silicon in Plant Nutrition 205 

Tahu: III. 


o 

lO 

I ton hydroxide -- 

1432 mg 


Alumina --= 

1056 mg. 

AI 3 O 3 

Silicate added 
mp;. of silica 
c.c. of solutioi 

Silicate in 
solution 
(as of 

SiOa) 

Silica 

retained 

(nig.) 

Percen- 
tage of 
silica 
retained 

Silica 
retained 
per g. of 
dry gd 
(mg.) 

Silicate 

in 

solution 
(as mg. of 
silica) 

Silica 

retained 

(mg.) 

Percentage 
of silica 
retained 

Silica 
retained 
perg. of 
dry gel 
(mg.) 

122>3 

14*2 

IU 8-1 

88*4 

75*5 

12*0 

109*7 

89*7 

103*9 

244*6 

42*4 

202*2 

82*7 

158*4 

36*1 

208*5 

85*3 

197*6 

366*9 

69*8 

297*1 

81*0 

207*5 

71*9 

295*0 

80*4 

279*4 

489*2 

96-7 

_ 

392*5 

80*2 

274*1 

88*6 

400*6 

81*9 

379*3 


As ill previous expcriiiieiits cpiite a Uirj^c part of the added silicate is 
retained by the colloidal hydroxides. It would he seen, however, th.at with 
ncreasing concentration of silicate the fall in percentage retention is not 
50 ra])id as in previous experiments. 

Adsorption of silica from silica sol by hydrous iron oxide and alumina . — 
In the following experiments known (piantities of silica vSol were used instead 

Tahi^k IV. 


Silica sol added 
(as mg. of 
silica) 

Initial Ph of 
silica sol 

Silica in 
solution after 
adsorption 
(mK-) 

.Silica 

1 retaint:d by ■ 
gd (ing.) ; 

! 

Per cent. 
rc*ieutit)U o'‘ 
silica 

Silica 
adsorbed 
perg. of 
dry gd (mg.) 

Pii of silica 
sol after 
adsorption 


Iron hydroxide gd = 286*4 mg. FcjO.i 



44*6 

4*8 


30*7 ' 

68*8 

107*2 

7*0 

89*1 

5*8 

81*5 

57*6 

64*7 

201*1 

6*8 

133*7 

6*2 

52*0 

81*7 

61*1 

285*2 

6*4 

178*2 

6*2 

99*9 

78*3 

44*1 

273*4 

6*4 



Alumina gel 

— 211*2 mg. 

AloO;, 



44-6 

4*8 

8*0 

38*6 

1 1 

82*1 1 

173*3 

7*4 

89*1 

5*8 

28*0 

61*1 I 

68*0 

2P9-3 

7*0 

133*7 

6*2 

47-2 

80*5 

64*7 

409*6 

7.0 

178*2 

6*2 

66*6 

111*6 

62*6 

528*3 j 

6*8 
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of sodium silicate. The procedure ^vas the same as before. The results 
are given in Table IV. 

The P„ of the silica sol itself was 4 -0 while that of the 1:10 diluted 
sol was 5-8. 



Silica {In nuj.) in soUtlion, 

Fio. 2, Adfiorplion of silit'a sol by liydrojjfola of iron 
oxido and alumina. 

0—0 Ferric liydroxido gd. 

• Alninina 

The quantities of silica adsorbed* by the gels have been plotted against 
the corresponding amounts in solution (I'ig. 2). The results llius .show tliat 
even when silica sol is used instead of sodium silicate, adsorj)tion occurs 
to a considerable extent. In this respect silicate adsoiption is dilTereiit 
from phosphate adsorplion because the latter is adsorption of an anion, 
whereas the present pheiiomeiioii would appear to be that of a negative 
colloidal coni])lex by a positive colloid. 

Injlue^tce of hydrogen-ion concentration on the extent of retention of silica 
by gels of iron oxide and alumina. — Since it is known that hydrions and 
hydroxylions arc the most strongly adsorbed ions, it would follow that the 
adsorption of silica by the colloidal oxides of aluminium and iron would be 
modified in the presence of one or other of these ions. It would be of interest 
therefore to determine the extent of adsorption of silica under varying 
hydrogen-ion concentrations. 
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Known amounts of the hydrogels of iron oxide and ahuniiia were treated 
with 200 c.c. of a silicate solution containing a deiinite quantity of silica but 
adjusted to different hydrogen-ion concentrations by means of decinornial 
hydrochloric acid or sodium hydroxide as the case may be. The mixture 
was well shaken and after allowing to let stand overnight, filtered and the 
silica in filtrate detertnined. Tables V and VI give the results obtained 
using different amounts of the two gels and different concentrations of the 
silicates. 
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Tahuc VI. 
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Silicate added (as mg. of SiO^) — 122*3. 

It would be seen from the above that as the r„ of the silicate solution 
changes from the acid side towards alkalinity, there is a gradual decrease 
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in the percentage retention of silica by iron gel, while with alumina there is 
also a decrease as the P„ increases though when the reaction is very alkaline, 
as at r„ 10 -2, retention of silica appears to increase again. It is probable 
that, altliough the extent of hydrolysis of sodium silicate will be far less in 
both acid and alkaline regions the increased retention of silicate observed 
at low P„ may be due to a part of the iron or alumina gel being brought into 
solution only to be precipitated again as the corresponding silicate. Since 
alumina gel is ami)lioteric and is therefore soluble at very high P„ as well, 
this will explain the high retention of silica by alumina in alkaline medium. 
With iron hydroxide, how’cvcr, at high P„ no iron is soluble and, besides, 
there will be a suppression of hydrolysis of the sodium silicate. The adsorp- 
tion of silica is therefore less in this case. It may be noted that oth.er 
workers (Mattson, 1927, 191^1 ; (iordon and co-workers, loc. cit.) have made 
similar observations with regard to the adsorption of phosjdiate ion by soil 
colloids and found that adsorption decreases with increased P„ values and 
vice versa. 

[njliicnce of llydrof^en-ion concentniiion on the aihorplum of silica from 
silica sol hy i^els of iron oxide and alumina. — The use of solutions of sodium 
silicate of different hydrogcii-ion concentrations naturally brings about 
variations in the extent of hydrolysis of the silicate solution. Hence any 
change in tlie retention of silica from sodium silicate solutions of varying 
P„ may be due to the varying degrees of hydrolysis of the sodium silicate 
or to the change in reaction itself. In the following experiments pure silica 
sol adjusted to different ll-ion concentrations by addition of decinoniial 
acid or alkali was used so that the effects due to hydrolysis were eliminated. 
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Silica sul added (a.s mg. of silica) = 178 *2. 
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Known amounts of the hydrogels of iron oxide and alumina were 
treated in well-stoppcred bottles with the same volume (100 e.c.) of a 
solution of silica sol adjusted as before to different initial T,, values. 
The mixture was well shaken, let stand overnight and then filtered. The 
P„ of filtrate was determined and the silica in aliquots estimated. The 
amount of silica in solution was then calculated, all the water of hydration 
of the gel being considered as water of dilution in order that ininiiiunii ad- 
sorption might be shown. The results arc given in Table VII. 

Similar chfinge in the amounts of .silica ndained with increasing P,, 
is olxseived as in the exiieriments with sodium silicate. Thus, in the ca.se 
of iron hydroxide gel there is a regular <lecrease in adsorj^tion as the P„ 
increases, but with alumina there is a decrease followed hy a slight increase 
at high P„. The decrease in adsijrption with increased l’„ may be due to 
the presence of hydroxyl ions uhich might be preferentially adsorbed b}- 
tlio gels. Alnmina gel, not being so electro-positive in alkaline medium 
as iron gel, would have le.s.s atfinity for hydroxyl ions and consequently more 
of silica is retained. 

Successive of the f^el-silicu complex . — Known amounts of the 

gels of iron oxide and alnniiiia were treated in s4oi)pere(l bottles with definite 
volumes of .soditnii silicate, shaken well and allowed to remain overnight. 
The mixture was then filtered and the residue on the filter i)a])er washed 
willi successive lOOc.e. ])ortious of hot water and the silica in rdtrutes deter- 
mined separately. The results are given in Table \ III. 
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The first washings give an appreciable quantity of the silica, probably 
due to the latter having lieen mechanically held by the gel and being washed 
aw'ay rather than due to any solvent action on the complex. Subseciuent 
washings give practically no silica in solution, thereby suggesting that a 
ffiirly stable adsorption complex is formed. 

Discussio7i. 

It has been shown in the previous investigation (Sicenivasan, 1935) 
that the interaction between soil and sodium silicate solutions is mainly 
accounted for througli adsorjjlion by the misieral soil colloids. The present 
enquiry with single colloidal materials like hydrous alumina and iron oxide 
has confirmed that it is through the phenomenon of adsor])tion that silica 
is retained by the colloids. This would also show the similarity between 
the colloidal ])roperties of the soil and those of gels of alumina, iron oxide 
and silica, first pointed otit by Van Heinmelen (loc. (it.) and later on enqiha- 
sised by a number of othei workers (Whitney, 10‘il ; (lordon, 1922 ; 
.\ndcrson and Mattson, 1925; and others). The colloidal soil material is 
chielly made up of silica, alumina, iron oxide, organic matter (luimus) and 
combined water. Tlu'se divide themselves c‘lectro-kineti('ally into positive 
and negative colloids. Silica and humus arc strictly electro-negative (though 
silica gel is electro-positive at very low 1*,,, /.«?., in the region of P„ I *2). 
They adsorb and combine with bases. The sesquioxides are electrical 
ani])holytes, being eleetro-j)ositive in acid and electro- negative in alkaline 
solutions (Mattson, 1930). Thus, the study of the inlluence of hydrogen-ion 
concentration has shown that adsorption decreases with increase in r„. 
This is to be exjjected because, due to the ])resence of exc'css of hydroxylions 
as the acidity decreases, the absorptree pr()j)erties of the hydrogels will be 
weakened by saturation with hydroxyl ions. In the case of alumina gel. 
however, silicate retention is greatest both ih low and at high P,,. Ti\is 
is of course due to the e.s]>eciany ])ronounced amphoteric character of lliat 
colloid. 

Since at low 1*„ it can be assumed that the hydroly.sis of sodium hdlicato 
will be negligible and since even then silicate adsorption occurs to a coiisi 
derable extent, it would follow that silicate adsorption proceeds indepeiidciilly 
of the extent of hydrolysi*^ of sodium silicate. This would support the earlici 
view (Sreenivasan, lac. cit.) in regard to the composition of sodium silicate, 
xnz., that it is essentially a mixture of alkali and silicic acid sol. It is ])ossible 
that conductivity determinations of solutions of sodium silicate mixed with 
varying known amounts of acid, and alkali would throw more light on the 
nature and behaviour of this compound in solution. 
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The possible beneficial elTects of silicate adsorption in releasing; from 
combination certain fertilising ingredients which may not olherwise become 
available to nutrition has been indicated elsewhere (Sreenivasan, 19;M). 

Although the adsorbed silicate is firmly retained by the colloidal Indroxides, 
being only removed in traces by leaching with water, yet nothing is 
known as to how far the adsor]>tion complex is stalde in the ])resence of other 
ions such as the phosphate. Inirther work along thes(‘ lines would help 
to throw light on the mode of action of silica in inducing greater i)hosifiu>rus 
intake by plants. 

Summary. 

(1) When a solution of sodium silicate is added to hydrogels of iron 
oxide or alumina there is considerable adsorj)tion of silicate similar to that 
observed in the case of the soil. Uetention of silica is greater in the case 
of alumina than with iron oxide gel and the percentage retention decreases 
with increasing concentration. 

(2) Similar adsorption of silica occurs in the case of ferric, or aluminium 
hydroxide gel -silica sol systems. 

(:i) Study of the inllueiicc of hydrogeivion concentration on extent 
of .silica retention shows that as the of the medium increases, there is a 
decrease in the retention of silica by the gel. W ith alninina gel at high P„, 
however, there is greater adsorption. This is due to the aiiij)h()teric nature 
of alumina. 

(4) The adsorbed silicate is firmly retained by the colloidal gel and is 
not leached out by water. 

(5) The possible sigiiilicaiice of silicate adsori)tion in relation to phos- 
phorus resorption in soils is indicated. 

The autlioi’s thanks are due to Prof. V. vSiibrahmanyan for helpful 
cril icism. 
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IvsTiMATiON of iiiliogeii is peril aps the most im])oitant item of analytical 
])roccdure in chemical as well as biological research. In the study of ]>laiils, 
animals or micro-organisms, in the evaluation of foods, feeding stuffs or 
fertilizers or in the examination of water sewage or soil ; determination of 
nitrogen — in one or more of its several forms- is an essential operation without 
which no useful conclusions can be drawn. A conservative estimate would, 
indeed, show that in ]jurely scientific research alone -excluding routine estima- 
tions ill Oovernmeiit laboratories or in private, consulting or commercial 
practice for which published records are not generally available— at least a few 
millions of determinations of nitrogen are being annually carriefl out by 
workers in different parts of the world. 

Among the various methods for the estimation of nitrogen, the one that 
is most generally adopted is that originally develoj^ed by Kjeldahl (1883) and 
subseipicntb" modified by several workers Arnold, 1887 ; ('lUmiing, 1889). 
The piocediire is com])aratively simjiJe and can be easily followed even in 
routine operations. It is, on the other hand, slow and tedious, especiall}' 
when comparatively resistant Taiaterials like soils, yeasts, or cereal husks have 
to be digested. It is also attended by the emission of acid fumes which is 
perhai)S its most objectionable feature. 

In recent 3 ^ears, a number of attempts have been made to further simplify 
the original Kjeldahl method or to hasten the process of digCvStion. Particular 
mention should be made of the \vork c)f Bal (1925), who showed that addition of 
water increases the efficiency of digestion . This was followed by the researches 
of Srecuivasan (1932, 1933 and 1934) who ex])lained the mechanism of the 
retention of nitrogen during ‘dry' digestion and showed that pre-treatment 
with water combined with small quantities of oxidising agents such as 
l)croxides, dichroniates, permanganates or perchlorates, not only hastens the 
rate of digestion, but also im])roves the estimate of nitrogen. Valuable 
contributions have also been made by workers who sought to combine the 
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wet combustion of carbon with the estimation of nitrogen, in the residue 
(Kruger, 1894; P'ritsch, 1890; Robertson, 1916; Anderson and Schutte, 
1924 ; Hrown, 1927 ; AiitiiDov-Karataiev and Rillipova, 1932 ; Tiurin, 1933 ; 
Subrahmanyan, Narayanayya and Bhagvat, 1934 ; Robertson and *Shewan, 
1935 ; Shewan, 1935 ; and Narasimha Acharya, 1935). Their conclusions have 
becMi rather discordant, but the recent findings of Narayanayya and 
vSubrahmanyan (1935) would show that, under certain conditions, digestion 
of nitrogen ])roceeds to completion in presence of diluted acid and oxidising 
agents. A sinijde, funieless method of estimating nitrogen based on the 
above principle has been developed and will be described in the jiresent paper. 

ExperimenlaL 

vSubralimaiiyan, Narayanayya and Hliagvat (loc. cit.) have already drawn 
attention tr) tlie fact that the residue left after the wet combustion of carbon 
gives lower estimates for nitrogen than those obtained by either the oflicial 
method of Mry* digestion or the 'wxt' ])rocedure described by Sreenivasan 
and Subrahmanyan (1933). I'urther experiments with some rejiresenta- 
tive specimens of Indian soils yielded the following results (Table I). 


Tauix T . 



Total Nitrogen in 

i 

paits per million 


I)esm|)lioii of Soil 

As estimated by 

( )n the residue 
after wet combus- 
tion of carbon 


‘ 1 )ry ’ * digestion 

* Wet ’ digestion 


Oodiivari delta — Alluvial 

•!!)» 

717 

639 

Banga-Iure — Sandy loam 

1 

536 

, 5(i6 

506 

1 

Nagpur — Iteavy black . 

t»39 

699 

614 

Siiulh — kalar (alkali) 

599 

601 

532 

Mandalay — Irrigated rice land 

518 

53t) 

188 

Piinj ab — R ai n f(*d— Sn rfacc* . . 

608 

632 

578 


* Gunning and Hibbard, “McthcKls An;ilysis,” .l.O.A.C., 1930. 


These observations are in general agreement with those of Robertson 
{loc, cit.) and the more recent findings of Shewan (loc. cit.). 

Effect of continuing the digestion after oxidation of carbon . — Since the 
ordinary Kjeldahl digestion of soils takes several hours, it appeared probable 
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that tlie wet combustion of carbon which occn])ics less than Jh) minutes may 
not provide suflicieiit heating which the complete digestion of the dilTerent 
forms of nitrogen may require. With a yiew to verifying this, some exi)eri- 
ments were carried out treating four dilTerent specimens of soils (10 g. each) 
with potassium dicliromate (10 g.), water (20 c.c.) and concentrated sulphuric 
acid (40 c.c.) and digesting them on the sand hath for varying ])criods of time. 
The results have been presented in Table IT. 

Table II. 


Total Nitrogen in i)ails per iiiillioii 


Soil from 


AflL ‘1 oxiOativ 

i: flij'f.stinn for 



30 min*:. 

f)0 mills. 

00 mins. 

! 

1 1 20 mins. 

1 

TJangalore . . 

500 

500 

500 

500 

Punjab . . O'VJ 

578 

578 

572 

575 

(lodavari della . . 7.17 

089 

012 

<>:59 

030 

Sindh (kahir) . . 001 

510 

5.'>2 

5;m 

530 


^ Srccnivab-ati and .Subrahmanyan, Imlian J. .It/rir. Sri., 1W3, 3, f)4o. 


There was considerable difliculty in continuing llu* digestion after 150 
niinutcs. There was much .separation oj sand and other mineral matter which 
caused violent bumping. The results show that even ])rolongcd heating under 
such conditions led to no iinpryvenient in the estimate of nitrogen. 

The low e.stiniates of nitrogen obtained in the ])revious experiments may 
have been due to (n) retention of nitrogen in some resi.stant form in either 
li(iuid digest or in the insoluble residue, and/or (/>) conversion of a i)orti(m 
of the combined nitrogen to nitric acid or gases such as nitrogen peroxide 
(NO. 2 ), nitric oxide (NO), or even elementary nitrogen. Retention of nitrogen 
in the digest is known in cases when mercury is used to cataly.se the digestion. 
Sreenivasan and Subrahmanyan (loc. cit.) have shown that silica and even 
increasing (luantities of ferric oxide and alumina may retain some nitrogen 
in the digest. Moreover, the existence of complex ammines, such as those of 
ehromium are known, though their .stability in pre.sence of hot, concentrated 
sulphuric acid and, subsequently, during distillation ^vith concentrated alkali 
is uncertain. The distillate collected even after prolonged boiling of mixtures 
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of soil (a spec?imeii from Baiip;alore), add and oxidising agent, failed to reveal 
the ])rescnce of either nitric oxide or nitrogen ])eroxidc. Nitric acid was 
present in no more than traces and this may have been ])artly derived from 
the original soil itself. Vigorous heating of mixtures of ammonium sulphate 
and potassium dichronuite or ammonium dichromate alone with sulphuric 
acid and water failed to show any appreciable loss of nitrogen. The last 
observation is ai)parently contradictory to the lindings of Shewan, but its 
significance will be discussed in a subsecpient communication. The digestion 
itself could not be incomplete as, in all the cases, the organic matter was hilly 
oxidised in the course of the first few minutes (Bhagvat, Narayanayya and 
Subrahmanyan, loc. cit.). 

lijfecl of proloniied hentini!, of Ihe insoluble residue leff after di^icsHon.- 
Samples (Ibg.) of four soils were weighed into a number of Kjeldalil flasks 
and treated with dichroniate (Ibg.), water (‘JO c.c.) and sulphuric acid 
(10 C.C.). The mixtures were boiled for half an hour to eii.sure complete 
oxidation of all organic matter. The dige.sts were then divided into two 
batches in one of which, after the necessar}^ dilution, the nitrogen contents 
of the dissolved portion and the insoluble residue were determined separately 
by distilling with excess of' alkali ; in the other, the insoluble residue was 
separated and then treated with water (JO c.c.) and further quantity of sul- 
phuric acid (JO c.c.) and wet digested according to v^reeiiivasaii and vSubrah- 
nianyaii [loc. cit.). The results have been presented in Table 111. 

Tabuv III. 


Suil from 


Tol.'il in 

parts per million 


Kxpt'i le.'l 

Ftj 1111(1 1) • oxul.'itivc; digestion 

i 

In the residue jdici 
fuilher digotioii 

III the? siipernalant 

In the residue 

Bangalore 

500 i 

JJ7 

1 

1 

279 i 

1 

J79 

Simlli 

7JJ 

151 

Jll 

Jll 

Mandalay . . i 

530 

tJL 

(57 

70 

Punjab 

03J 

4ti2 

9(5 

90 


The foregoing observations show that the nitrogen retained in the precipi- 
tate, if any, is not released on prolonged digestion. The mode of retcntii)ii 
would also appear to be of a different type from that recorded by previous 
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workers (Bal, loc, cit.\ Sreeiiivasaii and Subrahniaiiyaii, c'?7.) for 'dry* 
digested soils. 

Ejfect of chromium sulphate on the cjlicicncy of digestion.- the 

dichromate ultimately forms potassiiiiii and eliroiniuin sulphates in the acid 
medium and since potassium sulphate does not interfere with the ])rogress 
of digestion, it was considered probable that tiie formation of the chromium 
salt may, in some way, be relatetl to the lowering of the estimates. Some 
experiments were accordingly carried out adding chromium sul])hate (10 or 
20 g.) in ])lace of the potassium salt to three di lYerent types of soils and conduct- 
ing the Kjeldahl digestion in the usual way. The results have been given 
in Table IV. 

Tahi.k tv. 



Total in pails pi*r million 

Scii] from 

^ With (conliol) 

I Willi Cr 

log, ! 

:! (SO,)., 

20 g. 

Bangalore 

5<h» 

1515 ; 500 

I.W ; 51.0 

Sindh 

(i(U» 

5;!» ; 5(i0 

50S ; 571* 

(lodavari Helta 

717 

5.'<0 ; Ol'S 

1500 ; 15:5(5 


The digestion was rendered very diHh ult owing to the ra])itl separation 
of chromium sestpiioxide. There was a tendency to cake at the bottom, 
Ihimping was also rather violvnt. Owing largely to this, the results of the 
duplicate determinations were quite discordant. In no case, however, was 
the value so high as that obtained in the corresptmding control. 

Effect of pre-treat ment of soil. — It appeared probable that, as in some of 
the previous studies, the low values obtained with dichromatc may be due to 
inadecpiate penetration of the soil by the reagents. vSoiiie experiments were 
accordingly carried out treating the soil-dh'hromate mixture ( Hi g. each) 
with liO c.c. of water and allowing the suspensions to .stand for varying j)eriods 
of time (4 to 24 hrs.), before adding sulphuric acid. The results which have 
been given in Table V sho\v that the low values are not due to insufticient 
l)enetration, at any rate, of the type described by the previous workers. This 
conclusion is further supported by the parallel studies of Rajagoj^al (private 
communication) on yeast. 

BC 


V 
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Table V. 


Soil from 

Total Nitrogen in parts per million 

Expected 

Oxidative digestion after pre- treatment with water for 

4 hrs. 

8 hrs. 

12 hrs. 

24 hrs. 

liangalorii 

5n(i 

500 

510 

500 

509 

Mandalay 

5;io 

•180 

190 

•185 


^^indll 

()(>0 

550 

500 

585 

505 


Effect of addin» chemical precipitanis. — It is well kiiow'ii that the nitrogen 
retained by mercury salts present in the digest can he released by a suitable 
precijjitant such as potassium sulphide. It was considered probable, therefore, 
that treatment with certain chemicals either during digestion or just prior 
to distillation with alkali might lead to the release of any nitrogen that may 
be held in combination. >Somc trials were accordingly carried out, the details 
relating to which, as also the results, have been given in Table VI. 

Table VI. 


Tula! Nitrogen in parts per million 


! Bangalore soil 

.Sindh soil (2nd .sample) 

‘ Wet ’ (Kjeldalil) digestion (control) . . 

500 

066 

Oxidative digestion .. 

50« 

570 

Pota.sainni Sulphide (100 g.) add(*<l just 
prior to distillation 

500 

555 

Sodium (ordinary) Phosidiate (100 g.) 
added just prior to dist illation 

•196 

560 

Oxidative digestion with lfgS 04 (15 g.) 

398 

462 

Do. BaSO* ( „ ) 

500 

563 

Do. CuSO, SIIjO ( „ ) 

510 

566 

Do. PbSO, ( „ ) 

500 

563 
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It may be noted that none of the treatments led to any improvenient in 
the estimate of nitrogen. There was, in fact, marked depression in the ease 
of specimens treated with mercuric suljdiate. 

Effect of treatment with rediicing af^ients. — Samples (10 g.) of three different 
soils were wet combusted according to Subrahmanyan. Narayanayya and 
Bhagvat (loc. cit.), the digests transferred to distilling flasks and diluted to 
about 200 c.c. in each case. They were then treated with 10 g. of tin, 
magnesium or zinc and boiled for 30 minutes. The mixtures were cooled and 
distilled with excess of alkali in the usual way. Blank determinations were 
also carried out with the metals alone. The e.stiniates for total nitrogen 
obtained after making necessary corrections are given in Table VII. 


Tabuc VII. 


.Soil fiom 

Kxpeeti:cl 

Total Nitrogen in pnrt*; per i 

! 

Asfonmlby 

oxldativti - 

digostion I . . 

1 

iiiillion 

ilion folloNviid \y 

Magnesium 

y redvu lion with 

/.inc 

Bangalore 

565 

500 

520 

510 

500 

Punjab 

032 

57S 

580 

000 

035 

JMandalay 

530 

•ISS 

502 

520 

510 


Tin was comparatively slow in astiou and was not fully acted on even 
after 30 minutes of boiling. iMagnesinin, on the other hand, was very violent 
in action. The powdered raetal tended to float on to]) and reacted at 
the surface of the acid with considerable evolution of heat. The effect of 
that metal as a reducing agent was not, therefore, very ])ronounccd. Zinc 
was much less violent in its action, but reacted with the acid at a steady rate, 
and at the end of about 15 minutes, its action was generally com])lcte. The 
results obtained with that reducing agent were highly satisfactory and 
corre.sponded closely to those of the control. 

When the above procedure was extended to different types of soils, it 
was found that correct estimates could not always be obtained. The results 
varied considerably with the rate of heating. It w^as found, in consequence, 
that the volumes of the digests changed with each experiment. As the 
efficiency of digestion depends, to a large extent, on the constancy of the 
proportion of acid to water, some experiments were carried out adding Wf'ater 
B6 A ^ 
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from time to time to the digesting mixtures and thus maintaining the total 
volume more or less constant. As this procedure led to greatly imiuoved 
results, the digestions were next carried out fitting the Kjeldahl flasks with 
air- or water-cooled condensers. This modification led to accurate estimates 
being obtained in all the cases. The following results will illustrfite the 
advantages of combining refluxing during digestion with reduction of digest 
prior to distillation (Table VIIT). 


Tabu- VIII. 


Description of soil 

Tot.'il Niliogen in pnrt.s |)er million 

r'.xpecletl 

Kound after | 
rediK.tion with i 
zinc alone { 
(dif^e.st not 
relhi.\ed) 

1 

?'oiind after 
reiliixing 
\inairompanied 
by reduction 

1 

Rediixing' 
comi lined with 
reduction with 
/.inc 

Sindh — (Kahn ) soil 

572 

512 

115 

572 

^Nagpur — lUaek cotton soil 

() 2 <» 

572 

020 

020 

Ihmgalorc' — Sandy loam . . 

’ 500 

500 

500 

500 


It may be seen from the above that one soil requires only reduction, while 
another requires only refluxing. The third re(iuires both the treatments. 
As the probable ))chaviour of a soil cannot be easily anticipated, it would be 
desirable to combine both the treatments in all the cases. 

The improvement obtained from refluxing would suggi'st that, at any rale, 
in a few cases, tlie digest contains volatile conqjouiids of nitrogen. Although 
it was found in some of tiie earlier experiments that no more lhan traces nf 
nitric acid wxre formed from some of the samples that were tried, it is yet 
probable that others may form that acid in sufficient ciuantity to affect the 
estimates of total nitrogen. Alorcover, certain types of soils may be naturally 
rich in nitrates. Tiie nitric acid released on boiling with snlphnric acid tuny 
volatilise if the digestion is carried out without i)ro])er condensation of the 
ensuing vapours. 

The foregoing obserx ations arc in agreement with the recent findings of 
Narasimha Acharya (Inc. cit.) and Harihara Iyer and Rajago2;)alan (juivatc 
communication). The latter authors have indeed observed that even added 
nitrates in small (piantities can be retained in the digest and iiiclnded in the 
estimate of the total nitrogen if the mixture is refluxed during boiling and 
subsequently reduced in either acid or alkaline medium. 
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'I he niechcimsni of the action of Zinc. — The improved estiiiuile resulting 
from treatment with zinc may he due to (<<) reduction of nitrogenous com- 
pounds formed in the course of oxidation, and/or (b) dissolution of a i)art 
of the precipitate which may otherwise retain some of the nitrogen. The 
latter is, however, hardly probable since, as already observed, oxidative 
digestion of yeast yields no preci])itate, though the digest has to be treated 
with zinc before correct estimates of nitrogen can be obtaijicd. The related 
process seems therefore to be largely one of reduction. As already exijlained. 
this conclusion is supported by the i)resenee of minute (luantities of nitric 
acid in the digest. The available evidence is not suthcienl, liowe\'er, to state 
whether any complex ammine is formed fluriiig digestion. The observations 
with other reducing agents may be summarised as follows. brass (in the 
form of ])owdcr) acts in acid medium, 1ml is not so effective as zinc alone. 
Treatment with reduced iron in acid medium yields correct estimates of nitro- 
gen, but the quantity of preci])itate formed on addition of alkali is ipiite 
considerable so that the subsequent distillation of ammonia is rendered 
difficult. Aluminium does not act in acid medium, but is very effective in 
])resence of alkali. The latter reaction is, however, very violent, so tliat there 
is always the danger of alkali spray being mechanically carried over during 
the distillation. vSimilar remarks would also ajqdy to Devarda's alloy, th(.mgh 
its action is less violent than that of aluniiniuin. Tn^alment with milder 
reducing agents like stannous chloride or oxalic acid does not lead to any 
marked improvement over the control. It may be concluded from the above 
that correct estimates of nitrogen can be obtained only by treatment with 
substance.s forming nascent hydrogen in either acid or alkaline media. 

Influence of proportion of acid and water on the accuracy of the estimate 
of nitrogen. — Jt was observed that the dige.stion was coinj)arativcly slow when 
the i)ro])ortion of acid to water ‘was as I : 1 by volume. l\ven at the end of 
one hour, the dige.stion was often incomplete. Increasing the ])roportion of 
acid to correspond to the ratio 2 ; 1 led to very juuch more rajud digestion, 
the entire process being generally com])Ietc in about If) ininutes. In Jio case 
was it necessary to extend the dige.stion beyond minutes. Iniither increase 
ill the proportion of acid to water (1 : 1 , 0 : I or W ; 1) did not lead to any 
corresponding increase in the rate of digestion. The ])roportion 2 : 1 was 
therefore adopted in the subsequent .studies. In this connection, it may be 
of interest to mention that Subrahmanyan, Narayanayya and Bhagvat 
(loo. cit.) found the same proportion to be best suited for the W’et combustion 
of carbon. 

Esiimation of Nitrogen in soils containing chlorides. — Anderson and 
vSehutte (/oc. cf^.) have drawn attention to the fact that the estimate of nitrogen 
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obtained on the residue after wet coinbiistion of carbon is greatly lowered 
by the presence of chlorides. According to those authors, chlorides react 
with the ammonia in the digest i>rodiicing ammonium chloride, which, on 
interaction with the unused potassium dichromate, evolves gaseous nitrogen 
through intermediary formation of ammonium dichromate. Our observa- 
tions have confirmed their lindings in regard to reduced estimates being 
obtained. Indeed, in some of the earlier experiments when concentrated 
hydrochloric acid or solid sodium chloride was added with a view to reducing 
the excess of chromic acid in the dige.st, practically all the nitrogen was lost 
as gas. On the otlier hand, the explanation offered by Anderson and 
vSehutte is untenable, because, even ammonia in solution yields elemental 
nitrogen on treatment with chlorine. Hypochlorons acid which is formed by 
interaction with water reacts readih' with ammonia or amides so that, under 
such conditions, correct e.stimatesof nitn)gen cannot be obtained unless the 
production of chlorine through interaction between the chloride and chromic 
acid is avoided. 

The previous observations of Subrahmanyan, Nara^^anayya and llhagvah 
{loc, cit.) having shown that addition of mercury salts (i)articuhirly the oxide 
and the sulphate) effectively prevents the formation of chlorine under such 
conditions, some experiments were next carried out with two soils to whicli 
known fpiantities of chloride had been added. Tlie related i)articulars, as 
alwSO the results, have been given in Table IX. 

T.-uu.K IX. 


j Tot;jl Nitrof;‘ n in parts per iniilion wliun the 
1 i.lif4est contains 


Soil fioni 

1 'I'rcatmcnt 

i 

1 

1 

(’. .niide 
(O-Ol'ptT i 
Cent.) as 1 
NaCl 

! (Mdf)iitlL* 
(0*02 per 
cent.) as 
NaCi 

( 'hloride 
(U'Oo per 
cent.) as 
N-aCl 

(.'hloiidii 

(0-1 

icnt.) a- 
Na(’l 


Without ]TgS ()4 

200 

00 

10 

to 

Bangalore 






(Tofc, N., 66(i 

Willi }lfr,S 04 (2 ff.) •• 

•120 

407 


400 

p.p.m.) 

W'itli ngiS 04 +Zinc {2g.) 






500 

500 

50(» 

5t;9 


Witliotit llgSO* 

100 

100 

18 

() 

Godavari Delta 





(Tot. N., 717 

Witli lIgS04 (2 g.) 

520 

500 

495 

510 

p.p.m.) 







WithHgS() 4 +/dnc .. 

717 

720 

717 

717 
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It may be observed that with increasing ciuaiitities of chloride, there was 
correspondingly greater loss of nitrogen until, with 0 • 1 g., there was practically 
none left in the digest. Addition of mercuric sulphate was effective in prevent- 
ing this loss, though, owing to retention of nitrogen, correct estimates could 
not be obtained, unle.ss the digests were treated with zinc prior to distillation. 
There was obviously no need to add any chemical precipitant (such as 
])otassiuni sulphide) to release nitrogen from combination with mercury. This 
observation is in agreement with the lindings of Hdttchcr (1892) and, more 
recently, of Harihara Iyer and Rajagopalan (private communication). Kven 
alkali soils rarely contain more than 2 to ‘Iper cent, of chlorides. Some of the 
later observations have shown that by addition of a larger quantity of 
mercuric sulphate (f) g.), loss of nitrogen from specimens containing upto 
5 per cent, of chlorides can be prevented, in all the cases, the digest has to 
be boiled in zinc in the manner i)reviously described. 

Procedure of the estimation of nit roi^en in - based on the results 
of the foregoing study, a simple, fumeless method of estimating nitrogen has 
been developed. The advantages of such a procedure over the usual Kjcldahl 
method may be enumerated as follows. -The time of digestion is reduced to 
JJO minutes whereas according to the Kjehhilil method it may often take 
.several hours, luiii.ssion of fumes is comjOetely avoi<led and the dige.sti()n 
can be easily conducted at any working bench in the laboratory. Unlike 
the Kjcldahl dige.st which often bumps or otherwise requires frecpient 
attention, the oxidative digestion ])roceeds smoothly and re([uires no attention. 
Addition of mercuric oxide or sulphate may not always be necessary but its 
inclusion in routine j)ractice is recommended so as to avoid loss of nitrogen, 
if any of the samples .should, unexpectMly, contain chlorides. K eduction with 
zinc is no doubt an extra operation, but that too requires practically no 
attention. The reduction ijrcVccds rajndly esi)ecially when the zinc is lincly 
powdered and is often conqdete in under lb minutes. The distillation 
proceeds smoothly and takes no more than the usual time. It may thus 
be reckoned that the entire process of determination— from the weighing of 
the soil to the back-titration of the unused acid - can be completed in about 
two J lours. 

With the exception of the soil, none of the chemicals used in the estima- 
tion would require accurate weighing. A convenient procedure would be to 
weigh out the latter beforehand into a number of packets which may be 
taken out whenever needed. 

Application of the method to the estimation of nitro}*cn in some representa- 
tive Indian soils, — b*ollowing the new procedure, the total nitrogen contents 
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of some representative specimens of Indian soils were determined. The 
results, as compared with those obtained by ‘wet' digestion, have been 
given in Table X. 

Table X. 


].ocarily and dc.scription of soil 

Total Nitrogen in parts per million as 
cstiiiiati;d by 

‘ Wet * digestion 

The new method 

Travancoro — Loam, alkaline 

217 

219 

Sindli — Kalnr (saline) 

572 

572 

Punjab — Irrigated rice land 

r)9« 

599 

Punjab — Itainfed, surfa<*e 

032 

029 

Nagpur — Heavy, black 

02(i 

020 

Sholapur — Heavy, black 

213 

210 

Sliolapur — Medium, black 

115 

1.18 

Ihingalore — Sandy loam 

500 

500 

llanehi — Upland, surface 

•IH8 

•192 

South Ibhar — .Mluvial 

301 

359 

Mandalay — Paddy 

.530 

530 

• 

tiaffna — Sandv 

1 

325 

325 


It may he noted that there was close agreement between the. two sets 
of values. 

Mollification of (ivocedure to include nitrates soils contain only 
minute (luantities of nitrates so that the estimate of total nitrogen is not 
appreciably affected even if all the nitrate is lost during digestion. Tliere 
are, nevertheless, certain types of soils which are usually rich in nitrates and 
which must be sj^ecially treated to obtain accurate estimates of total 
nitrogen. A critical study of the various methods employed for this purpose 
was recently made by Sreenivasan (1935), who came to the conclusion that 
reduction of the nitrate with Devarda's alloy in the cold prior to commence- 
ment of digestion is the most effective way of including all the nitrate that 
may be present in the soil system. With a view to determining whether a 
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similar procedure can be combined with the oxidative dijijestioii of organic 
nitrogen, known quantities of nitrates were added to specimens of four soils 
and, after reduction according to vSreenivasan, the total nitrogen contents 
were estimated in the manner outlined ])reviously. The results, which have 
been given in Table XI, show that there is close agreement betwx^en the 
values ex]K'cted and those actually found. 

Taiiij.: XI. 


Totiil Nilr()}»cii in parts pi.r niiirn)n 


I 


Soil from 

Soil alone 

Soil ! niiKitu 
(2(M) p.pm. ot NI) 

Soil I nitiiilL* 
(400 p.p.m. of N) 

Bangalore 

niit; 

7r>i> 

1 

9(!() 

Kanehi 

188 

1 nso 

S7S 

Godavari Belt a 

71.7 

1 911 

{ 

1,105 

.lalTiia 

;i25 

1 • 520 

! 

718 


Although the i)rocedure adopted in the above experiment yielded 
accurate, results, it was, nevertheless, comparatively slow and tedious. 
Attempts to hasten the reduction of nitrate by heating i)roved inelTective, 
because the resulting ammonia tended t<- escai>e through cottonwool soaked 
in acid which was used as the trap. It was considered necessary, therefore, to 
adopt a different type of ])rocedurc tHat would first se])arate the nitrate from 
tlie soil and then add it to the digest at the time of distillation. A number 
of methods were accordingly tried as the result of which it w'as found that 
addition of ])ure calcium sulidiate (o g.) followed by rei)eated leaching removed 
all the nitrate but practically no organic matter. iCven added nitrates can 
be successfully removed in this manner. After removal of the nitrate, the 
soil was digested in the usual manner, and, after reduction with zinc, mixed 
with the extract containing nitrate and then distilled with excess of alkali 
and Devarda’s alloy (0*5 g.). The results have been given in Table XII. 

It was observed that even witli of Devarda's alloy there was 

considerable frothing and that the alkali tended to pass over with the spray. 
Addition of a small quantity of paraffin oil reduced the frothing. Metallic 
zinc was less violent in its action tlian Devarda's alloy though larger quantities 
(about 5 g.) had to be used to ensure complete reduction. 
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Tablr XII. 


Total Nitrogen (p.p.m.) as estimated from 


De}icriptioii of soil 

Soil alone 
(control) 

1 

i SoilH nitrate 
i (80 p.p.m. 

1 of N) 

Soil ! nitrate 
(160 p.p.m. 
of N) 

Soil -1- nitrate 
(320 p.p.m. 
of N) 

Travaiicore — Sandy loam, alkaline . . 

217 

294 

370 

.530 

St)iith llihiir — Alluvial 

3G1 

435 

515 

077 

Sholapur — Medium, hlac*k 

1 15 

492 

570 

730 

Ihmjab- -Irrigated rice land 

591) 

fiOS 

750 

908 


As previously mciitioiied, most soils may not require any special treat- 
ment for the inclusion of nitrates in the estimate of total nitrogen. The more 
recent observations of Ilarihara Iyer and Rajagopalan (private communica- 
tion) would indeed show that no nitric acid is lost during oxidative digestion 
with relluxing, so that there would appear to be no need for any pre- 
treatment to include that foriii of nitrogen. 

Comparative efficiencies of reduction in acid as well as in alkaline media . — 
As reduction in acid medium and cooling prior to distillation occupies some 
time, a number of trials were carried out combining reduction with zinc in 
alkaline medium together witli distillation. The results showed, however, tiiat 
while correct values were obtained in a few cases, comparatively low estimates 
were obtained in others. Moreover, when the method was extended to other 
biological materials such as yeast, leaf ])owder and seedcake, reduction in 
alkaline medium ^delded lower and less consistent results than that in acid 
medium. 

Estimation of nitrof^en in urea. — When oxidative digestion was apjdied, 
as such, to urea, low and discordant values were obtained. Thus, when a 
number of parallel specimens were digested, values such as 119 -7, 37 -O, '10*9 
and 38-5 per cents, were obtained instead of the exi)ected value of 46-2 per 
cent. A study of the related literature showed that, under such conditions, 
a part of the nitrogen would be lost in the elementary form (Oechner De 
Coninck, 1899). It was thouglit probable, however, that by varying the 
conditions of digestion, such as proportion of acid to water and time of heating, 
it should be possible to avoid the loss of nitrogen. The results thus obtained 
have been presented in Table XI IT. 

Similar low estimates were obtained even when the ])roportion of acid to 
water was raised to 6 : 1 ; nor was any improvement noticed when the 
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Tablk XTII. 


Proportion of acid to 


Nitrogen per cent, found after digestion for 

water 

30 mins. 

1 hr. 

2 Ills. 

3 hrs. 

2:1 

38 -G 

37 *8 

Hi *2 

38 *9 

4:1 

39-5 

:w -9 

:?9-(! 

10 -.^1 

1:1 

-10 -G 

.•{9 -8 

•11-2 

10-0 


solution of urea was pre-trcated with alkali Cor varying periods of time 
(4~24 lirs.) prior to digestion. 

In view of the above difliciilty, some experiments were next earned out 
in which a(iueous solutions of urea were boiled with only the acid, it was 
then found that when the proportion of acid to solution was as 2 : 1, the 
entire quantity of urea W'as digested in under lialf-an-honr. 

The observations were then extended to determine whether total 
nitrogen contents of soils containing urea (and amides in general) can be 
accurately estimated. To specimens of three .soils known quantities of urea 
were added. The mixtures were first boiled witli 2 : I acid for 20 mins, and 
then subjected to oxidative digestion in the usual way. The re.sults 
iiave been given in Table XIV. 

Tabmc XIV. 


.Soil from 

t 

Soil .ilone 

TotHI Nitrogen (in mg.) .as fuuiul 

SoiH'iiiva ' .Si*il | urea 

(23»1 nig. of N) .(40»2 n»g. ut N) 

1 

in 

1 

.Soil -|- area 
(92*4 mg. of N) 

bangalore 

5 -06 

28 -S 

52 .0 

98 -0 

Ranchi 

4-88 

28 .() 

.51 .() 

97-1 

Jaffna 

3 -25 

2G-2 

49 -5 

05 -75 


It may be noted that very nearly correct results were obtained in all the 
cases. 

The foregoing observations would suggest that if a soil is comparatively 
rich in free amides, accurate estimates of total nitrogen can be obtained only 
by pre-digesting soil for about 30 mins, with 2 : 1 acid prior to addition of the 
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oxidising agent. This would make the process rather long and tedious, so 
further experiments are in progress to devise a modification that will either 
eliminate the pre-boiling or, at any rate, reduce it to a mininuim. Some 
encouraging results in this direction have already been obtained and will be 
reported in the next communication. 

Eslimation ofnitrof^en in cyanamuie. — The difficulty in obtaining accurate 
estimates of nitrogen in cyaiiamide is well known. Richardson (1932) who 
made a sj)ccial study of this problem has reconimendcd boiling with 
coni|)arativ^cly dilute acid (acid : water 2 : H) for 1-2 hrs. so as to ensure 
complete hydrolysis of the cyananiide prior to conducting the usual 
Kjeldahl dige.stion. vSince urea is the immediate product of hydroh sis, 
it was first tliought that adoption of the same procedure as in the previous 
experiment would yield correct estimates of nitrogen. Such was not, 
however, the case and, indeed, even longer boiling as .suggested by 
Richardson followed by oxidative digestion failed to yield the correct results. 
Some further experiments were therefore carried out in whicli ferrous, ferric 
or manganous sulphate was added during the pre-boiling (with 2 : I acid) 
stage to catalyse hydrolysis. These yielded the best results and indeed, 
it was found that in the Case of cyananiide alone, the entire digestion 
was complete after rctluxing for about two hours. There was no need for 
any furtlier oxidation (Table XV). 

It may be seen from tlie above that, exi'cpt in the last three cases, not 
only were the values low, but there was also no benefit deri\'cd through 
prolonged boiling. It has to be inferred that in most of those cases nitrogen 
was either lost from the system or present in some form which was not amen- 
able to oxidative dige.stion. • 

When cyananiide ((1-2 g.) was added U) soil (10 g.) and jire-digested with 
acid (2 : 1) and manganous suljdiate, it was observed that the digestion pro- 
ceeded very rapidly. There w’as no need for prolonged boiling as in tlie case 
of cyananiide alone. Pre-digestion for 1 hr. followed by the usual oxidative 
digestion was sunicient to obtain correct estimates of total nitrogen. 

The average soil does not contain any free cyananiide. ICven it 
any is added as fertiliser, it is soondecomiiosed, so that the problem of having 
to include it in the e.stiniate of total nitrogen rarely ever ari.ses. In cases 
where cyananiide has been recently added, it can be easil 3 ^ detected and 
the procedure for the estimation of nitrogen modified accordingly. 

A comprehensive procedure for the estimation of nitrogen m soils and 
biological media. — The material to be digested (soil, 10 g. ; others in smalhi 
quantities) is weighed out into a large, flat or round bottom flask, jircferabl) 
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TAiti,!-; XV. 


Trcalmeiit 

'r«)l:il Nilro.i«un purcunl. after 
iliKe.stion for 


30 mins. 

1 hour 

1 2 hours 

2 : 1 acid and Kafh’jjO, added siinullaneously .. 

13-5 

13 .7 

13 •<> 

Relluxed wit h 2 : 1 acid for 30 inin.s. and ' 

then added .. .. “ 

12-0 

13 .t; 

13-0 

3 : 2 acid and K 2 fV 2 f )7 added .^iinn1taiH*oii.sIv .. 

12-S 

13.2 

12.0 

hethixed wit h 3 : 2 aeiil for 30 min.s. and 
then added . . . . . . W 

12 -ii 

12*3 

1.2 -0 

4: 1 acid and K 2 (V 2 f )7 adiled siimiltaneonsly 

1 1 ..“) 

1 1 -S 

11 .0 

1 : 2 aeid ami K 2 (h'. 2()7 a<l(l<‘d sinniltaneoiisly . . 

12 -t; 

12-0 

12 -t 

()v(‘rnigh 1 standing with 1 per eent. alkali followed 
])y simultaneous addition of exee.ss of aeid ami 
Kof ‘*’207 

5*1 


3*0 

Do. K 2 ^h’ 2(.)7 added after pre-iligestion 

with aeid for 30 mins. 

13.() 

• ft 

13-2 

Ihdliixed wdth 2:1 aeid and l’V 2 (^^^ 4)3 'nily .. 

ii-t; 

15.1 

15.9 

„ and FeS (^4 only 

1 

1 1 •<; 

13-1 

1 . 3.9 

• 

„ and MnS().i only 

1 1 •() 

13 .7 

KM 


Value fxpevted =10*3 pul uni. 


the one to be used subsequently for di.slillalion. Meivuric oxide or snl])hate 
(iil)out 2 g.) is then added and the mixture treated first with water {20e.c.) 
and then with pure (N'-free), eonccntrated suliihuric arid (lOc.e.). The 
Ihisk is fitted with an air-cooled condenser (any ])iece of "lass tube, fairly wide 
and about 2 feet long will suilice) and the contents raised to gentle boil. 
After boiling for 30 minutes, 2 ><>tassium dichroinate (about 5 g.) is added 
to the mixture and the boiling continued for a further period of 30 mins. The 
flask is then taken out and the contents treated with pure, 2 )owdercd zinc 
(''i -7 g.) followed by dilution with water. This results in very vigorous 
evolution of hydrogen accomjKiiiied by reduction of excess of chromic acid 
and any nitric acid which may be ^^resent in the medium. Any nitrogen 
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present in combination with chromium is also released by this treatment. 
The mixture is then boiled for 15 minutes, during which period the added 
zinc is generally used up. The contents of the flask arc then cooled, treated 
with excess of alkali and distilled in the usual way. 

All specimens of zinc — including the purest analytical reagents — con- 
tain some nitrogen, so it may be necessary to conduct a blank determination 
whenever a new sample is taken. A convenient arrangement will be to take 
a fairly large stock of zinc (1-2 kg.) and to make one set of blank determina- 
tions on representative samples taken therefrom. 

Estimation of nitrogen in some hiological materials. — The foregoing 
procedure was next extended to other organic substances containing free 
or combined amide nitrogen. In all the cases, the materials to be digested 
were boiled with mangaiions sulphate and acid (2:1) for 50 mins, prior 
to addition of oxidising agent. The digestion was then continued for 50 mins, 
after which the digest was reduced with zinc and distilled with excess 
of alkali. The results which have been ])rescnted in Table XVT show that 
correct estimates were obtained in all the cases. 


Tahi.K XVI. 



Nitrogen (per cent. ) as estimated I)y 

Material 

Kjeldahl (* wet ’) 

l're-l)oiling with acid follows 


digestion 

hy oxidative digestion 

Farmyard manure 

0-04 

0-07 

llongay leaf (dry) 

5 .4? 

3 -10 

Ilongay seed-cake 

4 18 

1-45 

Malnia seed-cake 

2-57 

2-48 

Dried blood 

12 .53 

12 .49 

Kubber lat(‘x — Sample I 

0 -35 

0 -50 

Sample II 

0-05 

1 0 .05 


Experiments with other oxidising agents. — A few preliminary trials were 
carried out using chromic anhydride, permanganate and sodium bismuthate 
in acid as well as alkaline media. The results have been given in Table 
XVII. 
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Treatment 



Mxpected 

Fouiici 

Soil (lOg.jfKMnOi (10 g.)+>ra()IT (20c.c., r>0 ]wr 
cent.). Mixture! distilh'd 

030 

223 

Soil (10 g.) f CrOj (10 g.)-! NaOll (20 o.c., 50 imtcoiiI.). 
Mixture disl illed 

030 

102 

S<nl (10 g.) [ Sod. bisimifhale (.‘1 g.) 1 Wafer (20 e.e.) |- 
!ir 2 »S ()4 HO c.e.). Mixture digested and tin*!! dis- 
tilled with excess of alkali 

r>ot> 

1.50 

Soil (10g.)-UKMn()., (20 g.bj- Water (20 e.e.)4 HaSO^ 
(lOe.e.). Iteflnxed for .‘10 mins, and then (listilled 
wifh excess of alkali 

500 

310 

Do. but reduced with zinc prior to distillation 

with alkali 

500 

500 

Soil (anotlier .sample ; 10 g.) i KMn ()4 (20 g.) 1 Wal(*r 
(20 e.e.) [-]r. 2 S ()4 (10 e.c.). Uelluxed for ;}0 mins, and 
then <lis1ill<*d with exeess of alkali 

(;3o 

120 

T>(». but reduced with zinc prior to distillation 

with alkali 

03U 

r)Si 


Nitrogen in parts per inilliou 


It NVils observed that when the soil ^was distilled as such in alkaline media, 
there was very slow distillation of ammonia. Iv ven prolonp;ed heatinj^ yielded 
only less than a third of Jhe expected value for nitrogen, llolh the 
bismnthatc and the permanganate tended to (lecoiii])o.se ra})idly in })re.scnce 
of the fairly concentrated acid that was employed. The low values obtained, 
especially in the case of the former, were largely due to this lad. There 
was evidence of partial oxidation to nitrate, as also of retention in other 
forms, ill the case of spcciiiiens dige.stcd with acid jiermanganate. I'urther 
work with more, dilute acid solutions and wdth other oxidising agents is in 
progress and wall be reported in a subsequent communication. 

Discussion. 

The prc.sent enquiry has led to a number of lindings of much scientific 
interest. In addition to providing a simple method for the estimation of 
nitrogen in soils and biological materials, it has also thrown much light on the 
nature of the changes attendant on the oxidative dige.stion of nitrogen. 
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The advantages of the new method have already been enumerated. As 
the procedure is also eonii)aratively simple, it maybe reasonably exi)ccted 
that, before long, it will be ad o])ted in routine ])ractiee. A few improvements 
are, nevertheless, needed. Jioiling with the reducing agent in acid medium 
takes some time and slioiild, if possible, be replaced by some treatment than 
can be combined with the distillation. A further problem is the blank for the 
reducing agent whicli, unfortunately, is highly varial)le. Kven the purest 
jjreparations of metals contain some nitrogen, so it may be desirable to 
reduc(‘ the (inantity of such agents to th.e barest ]jOssible minimum. 

The |)rodncts of oxidative digestion arc more varied than those obtained 
by the Kjeldahl method. The latter forms exclusively ammonium sulphate 
whereas the former prodiici's a few other .substances as well. During Kjeldahl 
digestif)!!, there is no loss of nitrogen except that of nitric acid and few other 
volatile, non-digestible forms wliieh may be originally present, but during 
oxidative digestion, there is some danger of loss if the conditions are not 
ude(|uately controlled. Tliere is also the production of nitric acid and certain 
other complex forms whicli have to be lirst reduced if accurate CvStimates are 
to be obtained. It is diHicult to state whether any nitrogen is mechanically 
retained under such coiiditions. Alth.ough the new ])roccdnre includes all the 
forms of nitrogen in the estimate, it would, ne\'crthelcss, be of much interest 
to obtain Further information regarding tJie mechanism of the related 
processes. Su('h knowledge will also facilitate further simplification of the 
juethod of estimating nitrogen. 

The dillicullics encountered with urea and c\ anamide have shown the 
necessity for modifying the ])rocedure in a few cases. Jhe-boiling with acid 
takes sometime and when combined with the oxidative digestion, the process 
becfinies somewhat slow and tedious. There is scope for improvement in this 
direction and, as i)revioiisly menliom d. .sonic j.roiiiising results have already 
been obtained. 

The use of other oxidising agents, though not so far promising, may 
open out a highly useful fivdd of research. It is luobable that some of them 
may function at much lower concentrations of acid than those re(|nircd in 
the case of chroniie acid : tlic}^ may also yield colourless digests either by 
themselves or after reduction. This would be of great advantage as it would 
provide a useful check on the jjrogre.ss of digestion. 

Summary. 

1. When distilled with excess of alkali, the residue left after wet com- 
bustion of soil yielded lower estimates of nitrogen than those obtained by 
either the official Kjeldahl method or by 'wet' digestion. 
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2. Prolonged heating of the chromic acid digest led to no ai)])recial)le 
improvement in the estimate of nitrogen : nor was any increase obtained by 
further 'wet’ digestion of the insoluble residue. 

3. Kjeldahl digestion with chromium sulphate (in jdace of jxdassinni 
sulidiatc) led to reduced estimates of total nitrogen being ol>tained. The 
values were also discordant. 

4. Pre-treatment of soil with water did not help to imjnove the estimate 
of nitrogen obtained by oxidative digestion. Neither addition of salts of 
certain heavy metals during digestion nor treatment witli certain chemical 
])rccipitants before distillation with alkali led to any increase in tlie value 
for total nitrogen. 

5. boiling the acid dige.st with the reducing agents led to marked im- 
provement ill the estimate of nitrogen. The best results were obtained with 
zinc. (All specimens of zinc contain some nitrogen, so s»)me correction must 
be apidied for the ammonia derived from that source.) 

(J. vSonie .soils yield accurate estimates of total nitrogen even if they 
are boiled with the oxidising mixture in oi)en Kjeldahl Ilasks. Others have 
to be relluxed under air- or water-cooled condensers. A convenient procedure 
will be to rellux the digest in all the cases and reduce the «ligcst prior to distil- 
lation. 

7. The mechanism of the action of zinc has been discussed and sIkjWII 
to be largely one of redudion. 

8. When the proportion of acid to W'ater was as 1 . I or less, the ])rogress 
of digestion was slow. When tlie ratio was raised to 2 : 1, it was coni])lete 
in under 30 minutes. 'I'he rate of digestion was not appreciably im])rovcd 
by further increase in the ]jroportioii acid. 

0. The pre.sencc of chlori^les letl to marked decrease in the e.stimate of 
total nitrogen. This was traced to the formatimi of idilorine which reads 
with ammonia and amides forming elementary nitrogen. The ])roducti()n of 
chlorine w'as avoided and correct estimates of total nitrogen obtained by 
addition of small amounts of mercuric oxide or snlphate to the digesting 
mixture. The mercury salts in the digest tend to retain .some, nitrogen but 
that can be released by boiling with zinc or reduced iron. 

10. based on the above and allied observations, a general method of 
oxidative digestion ai)])licable to all types of soils has been developed. The 
procedure for adoption in routine ])raclice has been described. Close agree- 
ment has been found between the results obtained by the new' method and 
that determined by Kjeldahl ('wet') dige.stion. 

11. Wlieii the soil contains considerable anioniit.s of nitrate, the latter 
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will have to be reduced with dilute alkali and Devarda’s alloy prior to 
oxidative digestion. An alternative procedure will be to treat the soil with 
calcium sulphate and water and repeatedly leach out the clear supernatant 
into the distilling flask. The residue is then subjected to oxidative digestion 
and tlic digest, alotig with the leachate previously obtained, reduced with 
zinc prior to distillation with alkali. 

12. Reduction with zinc in acid medium is more effective than that 
in alkaline medium. Aluminium or Devarda's alloy is fairly effective in 
alkaline media, but there is always the danger of alkali being mechanically 
carried over, thus necessitating re-distillation. 

l.*5. r)xidative digestion of urea led invarialdy to low estimates of total 
nitrogen being obtained. Neither increase in tlie pro])ortioii of acid to water 
nor prolonged heating led to any improvement in the estimate. On the 
other hand,. ]^re-digestioti for about 30 minutes with 2 : 1 acid alone was 
.sntheient to dige.st all the urea. This, combined with oxidative digestion, 
led to accurjite values of total nitrogen in soils containing knowji amounts 
of urea. 

M. Cyanamide jdso offered some difllculties, but digestion with 2 : 1 
acid containing manganous '‘sulphate ha.'^tened the digestion and yielded 
accurate results. When mixed with soil, the digestion of c^^anamidc was 
complete in under one hour. 

15. The modified procedure was adopted for tlic estimation of nitrogen 
in some biological materials. Tliere was generally close agreement between 
the values thus obtained and tho.se determined by the Kjeldahl method. 

U). The possibility of using otJier oxidising agents in place of ehroinic 
acid has been indicated. 

17. Attention has been drawn to the need for further simplification of 
jirocedure for oxidative digestion. Ceitain promising lines of future research, 
have been indicated. 
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FLUORESCENCE IN CYCLOHEXANE. 

HV k. I'AmiAXAlJIIAN. 

thr Ih'f'iiriutrut oj I'ltysirs. iii littn Instiixitc fi \i /'c', /-'i.'/:. /.//.*/, . i 

2 . 

( (.'oiiiiimiiif.'ilfd l)> Sir C. \\ I\;nn:»n. kL, :• u.s . \ i . ) 

/. I nlrmiuclian. 

WiiTij*: iiivcslii^ating the ])oIarisati()n of liLjlil. sraUc rini^ iti t \ « loln-xam* for 
(lill‘t!rcnt wavelcnj^tlis an iiitoiisc coniiiutous spcvtniin in tlu* lai^ion liTno 
■lOOO A was ftJiiiKl t(j lia\a* (k‘V(‘lope(l after loni; e^poMin-s wliii li interf«.*re(l 
with the depolarisation ineasiireiiieiits. A study of this IliioiesifiK «* was 
tlnnefore taken up in order to ascertain its caiisi* so that it (onld Ix' a\ «)ided 
if possible. It was found that IlabeiP had noticed this [)henonienon a few 
inontlis earlier and had arrived at certain eonelnsi«>ns rtj^anliiip, the naiiire 
and orij.!;iu of the llu<jr(*scenee in cyclohexane. Since the ob.sci \ ations of 
the author do not ai^fee with llio.se of Ilaberl mul lead to entirely diffeii nt 
results it has been thoui<hl worthwhile to ]»ublish them. 

2. inienti!/. 

The apparatus used bn* tlie iiu est illation was made com]>h‘tely of ^ilii a 
and consisted of a distilliiy:< tlask to which a tube closid at both ends was 
attached. The reciuisite ainounl of ]nire cyclohexane was introduced into 
the at^paralus which was then evacuated ami si^aled off. After lepeated 
distillations the j)nre dust-free li<|uid «whii'h I'ollei ted in the tube was used 
for the work. The lii^ht from a (piartz mercury ]>oint sonrci* lam]> was 
focu.ssed on to its side with a*(puirter condenser ami the liejit scatti red at 
rii;ht antdus was exainiiu'd with a ipiait/. speclroe,raph (dis|)eision : I<) A 

[)er 111.111. at A - loot) a). 

o. Pf'cpiuniiofi of Pure CythflicXiinc. 

‘JoO gins, of cyclohexane (T. SehneJiardt) labelled as “ pure ” were 
agitated thoroughly with oleum for Inairs on a shaking maehiiie. washed 
re])eatedly with a dilute snsjiension of j)reeii)itatefl chalk and then with 
distilled water after which it w’as distilled twice over anhydrous i.dcium 
chloride in an all-glass a])]Kiraius using a Widmer-v^cdienek eohimn for frac- 
tionation. The boiling jioint was steady at 77 ' (pressure thSO in.m.). TIic 
middle fraction w'as used for tJic expeiiiiiont. 

1 Amx. dcr VUysik., 1934, 21. 301. 
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/. Willi! I itf iJic r'linn'i’scfucc Sju'ilnnii. 

According 1() IlaI.ril . rif.) llu* lhinii.sci.-iK\* l)aii(I lias two iiiaMiiia 
at. A -'■J'.mmi \ and HMin a r«-s]»i.i.livrly, 11 k- laticr hiina, iK-ar]\’ as inUMisc as 
tlu' ^catti'ird loll) liiK* nf iiKaAiny. The ])lu*m)nu.Mii)n, aeeordini^ to him, 
is eoii'-taiit and n-piajdnrihlt*. while lonii; irradiation witli a inerenry are has 
no inllnenee. Tie.* i'rcs‘‘nl observations, however, point to a \\ holly different 
ef)in lnsinii. I’'or e\aniple, it was notieed at the outset that, under iduitieal 
e»)ndil :ai< !i a., time of exposure, inteiisil v of 'iieideni. lii;hl, cde., the 
Ihioreseiiiee -^pei 1 rum \aiie*l from exjierinnmt to exjieriment. At lirst 
onl\- ;i fit-liie eoiitinnoii^ spet'trnm from i^Too -'‘lOo a was ohseiwed hut will) 
siKMc-^iv'e exposure's the intensity inereasi*d whih' the s|)eitinin i^radually 
extended towards tile side' of loiij^eu' wa vi*lenet lis. After illuminating; the 
snli^t.inei- for S liours with a (piarl/. inerenr\ arc , it was iiotieecl that tile* 
li dll Iraek, haredx pe; « -ej >( il »le be fore, was now (d(‘ail>' \ isible. The*iluores 
I i iu e: band was also found to have exli uded into the* \ isii»Ie‘ spe-efinm and 
alt liouv'.li ill the absence of a niie ropbot oiiul i ie laaoid tlie* e-\ael positions 
of the nia.\inia e-ould not be- locate cl, t lu-re* a])peaia.‘d to be a rouch ai^i eeliieait 
with the re-ailts of Ilabed. It appear.-^ llieaefort' that his picture of tiie 
Jluore'sc'emee spes'trum has l*eeai ol.'lained witli a sample* whiedi liaei be'em 
.-»t roinO '■ illuminated with ultiaviokt li.i;hl . Hi*. t*Nperinieiit al ai ranyeiiieii; 
in which a lai:.;e‘ m<re'nr> a.re is plae c-d alonvaldc* the* tide t out ainiii;', the* 
subst a ne«*“ is ejuite* in eontr.i-l to the* fe cble nn re iir\’ point sonrei* (about ‘J 
ampere's at h)\olt.'^) u-ed in (he piiseiit w ork a iid Mipjioit s ‘.Uili a e^onchisioii. 
d'he* ‘itidiua lluore.se enea* in Hu* irradiate.*d sid>stan»t* w .is found to lx* coin- 
])l(*1el\- re*mo\ I'd b>- distilliiiy. d twice* or lini-c indie at tluul.w that the 
eaiiist-itncnt r«*spi amil jh- |nr the* tliioie-se » nc<- aic iion-xolat ih*. 

.‘n /s I'liKiit'sCtUir if ('liitntclr: i>i!( ! 'in cl \il(lic\n!\i' f 

d'hc' abo\i* obse-r\ at iou" sin.et th.o, on i\j;o.-iiie to tin* nit i a\iole 1 , 
some* pliotoeliemica.l (h*e om j »t .sif ... lake*- p*!;a <• .ind I he- j -i odne t of eheeu! 
])Osition ipN e rise* to the* oi>-e*l\’ed !!uoicse e*nce*. 'I’liis is fuitlie-r illustiadc d 
b\ t!u‘ followin;^ e'X] je-i iiUent : '.rwo |)ietuie*s of tin* lluoreseence* spectiuni 
we‘re‘ taken e>u a siiiLdc' plat.e*, the lirst with an expe^sun* lime c>f one* l»our 
while* the se'e'eeiid was take-n with four e*xposure*s c.f la miiiu 1 i*s each, the 
liipiid beiu;.i distilled afie'sh after every exposure*. The* iiiten^i 1 _\‘ of tin- 

lluore*s('e‘Uce w.is elisliiiclly jpeater in the* formcT case*. Jn oid(‘r to decide 
de-tliiitely whe-ther the lluoresv-e-iie'e* eoiild be \vliolly asei ibed to the ])rodue [.- 
of jiliotocdiemie al action, an ajiparatits was desiL;ue.‘d I) in whiedi the 


- llahrrl, .Inn. dcr l‘Ot. 21. M)\. 
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siil)sl;inc6‘ Cf)iiM ho ('(Milimioiisly roiU‘\vo<] hy «1 i.sl illal ion. 'riio ai 
of Tal aiul Sou Ciiipla'* was \\Y>t Iriod hut was not found 1o woik ^:l1isfao 
lorilv on aooonnt of two reasons: (1) 'I'lu* inloi an<l o\itKt liihos aio ht^tli 
situated on llio iij)j)or side ainl honot' only llio top layer of tlu* lifpiid is 
ronowod, tlio main hulk of llio li<piid romaj'niu.o: nnoliaiiKod. (-) 'I'lio dis- 
tillinj^ llask hoini; at a Iowct lovi-l, tlu* li<jnid sijlhons out iiitiainittiMilly from 
the tube. In llio apparatus illuslratod ahovo, llu'so diHunlt ii‘s liaxi.* boon 
avoided (1) by plaeing the inlet on the niuler snrfai'o of llu* tube and (‘2) by 
l>l(»\Nini; a small Imlb on tlu' outlet tube so as to avoid flu* siplionin.i; aetion. 
If the tlist illiiii; \'essel is kept immersed in hot waler. licpiid enters and Hows 
out of the tube in a eontinuous stream. 'I'he a])parauis was imuh* of pyn‘\ 
j^lass oxoept for t ho t wo <piai t windows ' iiieh were stnek on with a solution 
of sodium silieato. It was f{ >1111*1 tliat^ with this arTaneeiiirnt , e\en an ex 
posuro of hours, did not show any eontinnous s])eotrum on the plate (l*i.i;. -). 
A pieturo taken without the ^substaiie*' bv-iir..^ reiiewe*! by etmtiinums *lis- 
tillation is also slujwn siiK* by si*le h^r * t>nipai ison. ^riu* I'ontrast is I'h-.irly 
luMieeablo. This ox]>orinu*iit furnishes deliiiile jiiaiof that juire eyiloliexaiie 
has no iluoreseeiiee at all. 

6. Ori'fiin of thr Fltioyrscencc . 

It became of interest luiw' to examine what wavolenydbs are jiliolo- 
chenueally active in the above reaction. Aecordinjj; t*) Ilrdierl, tlu' int(T- 
])osition of a thin glass jilate in the i)ath of the inei*hMit liylii which cuts off 
all wavelengths k‘.ss than A -‘hiOU .\ removes the. lluorc'sceuce <'()inple1 ely. 
He eoiieludes therefrom that tlie resonance line A - 2o2,7 .\ is perhaps 
responsible for the Iluoreseeiiee. A pictuie was taken with a Jilter of I cm. 

/;;</. Joi/y. rhys., 1930, 5. 609. 
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thickness of carbon tetrachloride to cut off all wavelengths less than A- - 
2000 A in the incident light. The picture obtjuned was quite free from any 
continuous spectrum, suggesting thereby that only wavelengths less than 
A— 2000 A were responsible for the decomposition.* A similar experiment, 
howev’^er, using a 5 ni.m. tliickness of 2 molal solution of acetic acid as filter 
which absorbs all wavelengths transmitted by quartz but less than 2100 a'* 
shows the lliiorcscent spectrum with almost undiniinished intensity. Since 
the resonance line A -2 5117 A is by far the strongest line of the mercury arc 
in the region 2100 -2000 A this wavelength seems to be largely re.sponsib!e 
for exciting the lluorescence spectrum. 

I'urther work on the nature of the photochemical reaction is in ])rogress. 

In conclusion, the author wishes to express his grateful thanks to Sir 
C. V. Raman, Kt., I'.R.s., n.i,.. for his valuable hcl]) and guidance during Die 
progress of this investigation. 

Summary. 

(1) An a])paratus for continuous distillation has been described which 
works satisfactorily and is free from the defects of the arrangement dcscril^ed 
by Pal and Sen Oupta."* 

(2) With the help of the above apparatus [>ure cyclohexane is shown 
to have no fluorescence ; tluit re])orted by Ilaberl® has been proved to be 
due to products of photochemical decomposition. 

(3) The wavelengths in tl:e region A ~-2 100-2500 A have been found 
to lie active in the above reaction. 


■••• Contrary to ihc observations of TIaberl, in the ca.sr of cyclohexane which had been 
exposed to the mercury arc for some time, the fluorescence in the visible is not removed by 
introducing; a glass plate in the path of the incident lij;ht. The intensity of the fluorescence, 
however, is somewhat diminished as can he seen from the photographs ( lOgs. 3 and 1). This 
shows the necessity for distiiigui.sliing betw'ccn wavelengths responsible for photochemical 
action and wavelengths capable of exciting fluorescence. 

4 Kishakowsky and Nellcs, Phy.^. 1932, 41. 595. 
n lud. Jour. Phys., 1930, 5, 609. 

0 . Uw. dcr Phys., 1934, 21. 301. 
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THE DENSITY AND COMPRESSIBILITY OF 
SILICANE AND SILICOETHANE. 


By K. Iv. Ramaswamv 

AND 

Cf. (U»Nnu Rao. 

(from the Department of General Chemistry. Indian Institute of Seienee, Pani/alore.) 

Hceeived August 3, 1935. 

(Cunimuiiicatcd hy Sir C. V. Kaniait, Kt., i*.R.S.. N.i..) 

Tn connection with work previously puhlislied on the dielectric cocflicients 
of gases, ^ approximate measiireiiiciits of c<niipressihility at dilTerent tempe- 
ratures were required. Density determinations for the purpose of checking 
the purity of the gases were also desirable ami consc(iuently the aj)paratus 
now to be described was erected, the design being due to Dr. II. Iv. Watson, 

Among the gases examined were silicane and silicoethane, the densities 
of which aj)])ear to have been measured only by*Stock and Somieski,^ who gave 
the values 32*21) and 03 mS or 04-2, as compared with O 2 -32. No attempt 
was made by these authors to deduce the atomic weight of silicon as the 
coni])ressibilities were not determined. Silicane is a gas which can be pre- 
pared in a state of considerable ]nirity without great dilhculty and the 
results of the pre.sent scries of ex])crimenls arc recorded as indicating that, 
w’ith a few additional rcrnieincnls, the density method would be suitable 
for an accurate determination of tin; atomic weight of silicon. 

Apparalits. 

The essential features oTF the api)aratus consisted of a density bulb 
w'hich could be dc*tached and weighed, and a secoiul bulb of knowm volume 
into which the gas could expand, so that the pressure of a given quantity 
could be determined at tw^o different volumes. Details are show'ii in h'ig. I. 
A is the density bulb made of pyrex glass with a long calibrated capillary 
stern closed by the ta]) T and fitted with a ground conical end. The joint 
W'as made gas-tight with a very little a])iezon grease, wdiich did not ap]jcar 
to be attacked by the gas. B is a small bulb to condense the gases and 
fractionate them when necessary. M is a cylindrical bulb wdth its ends 
made from two pieces of the .same tubing from which the manometer, M^, 

» Proc. Roy. Soc.. 1934. 143A, 558. 

2 Per.. 1910, 49. 1, 111. 
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is constructed. Tn these ends are fixed two glass points, P and Pj, to which, 
tlie mercury meniscus can be set. The volume of M is approximately the 



Fki. 1. 


same as that of A . At Tj, a side tube with a tap connects the apparatus 
to a Toepler pump. Gas can be introduced through the syphon K and 
tap T,. 

All the apparatus except the density bulb was made of durosil glass. 
M was surrounded with a glass water jacket and the manometer was enclosed 
in a box with plate glass sides to protect it from draughts. 
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Calihralmis. 

ihe calibration of the apparatus was done before assenildy. The volume 
of the density bulb A and the change with teni]>erature were determined, 
using air-free distilled water. Tlie change of voltnne with pressure was 
found by noting the increase in tlie height of level of water in the capillary 
stem hy a known decrease of ])rcssure. 

A i)yrex counterpoise was constructed with the same weight and external 
volume as the density bulb. These were checked by Jinding the loss of weight 
in water. 

The volume of M between the points was determined by 

attaching a tap at the bottom and weighing the amount of distilled mercury 
required to till it and the dead sjjace and other j>arts of the a})])aratus were 
calibrated in a similar manner. The thermometers, tliermocouples and the 
weights were all calibrated in the usual way. 

All pressure readings were reduced to 0 ‘" and in'’ hit. at sea level and 
corrected for meniscus height. The glass scale l)y the Societe (ieiievois 
was checked against a standard invar scale. 

Kxperime ulul Pnnaiurc. 

After attaching the density bulb to the apparatus as shown in Fig. 1 , 
the entire a])])aratus was evacuated thoroughly. The gas was then intro- 
duced and fractionated if necessary. When measurements had to be made 
at ordinary teniijeratures, tin* baths for the density bulb and the bulb M 
were adjusted to the same tem})erature as that of the room. At other tem- 
l)eratures, tin: neccs.sary low-temj)erature bath was used only for the density 
bulb . 1 . v^uflicient time was alIowr(>for c(|uilibriuni to be attained. \ thin 
layer of paraflin oil was si)read over the surface of the water in A /3 to 
minimise the loss of heat diPe to evaporation. 

When the j^rcs.sure was steady, the level of mercury was adjusted to the 
pointer P, with the meni.scus ri.sing. The ]jre.s.siire, meniscus heights, the 
temperature of the dead si)ace and tlie temjieratures of the two baths were 
then read. Next, the level of the mercury was ailjusted to the })ointer P 
and similar readings were taken. This was rejjeated several times. 

Before measuring the density, it was found advisalde to test the gas 
for traces of hydrogen by cooling B in liquid air and evacuating. After 
the removal of any trace of hydrogen j^reseiil, B was ])lactd in water at room 
temperature and the temperatures and pre.ssure read as soon as they were 
steady. The tap T was then closed, the gas in the dead space was condensed 
in the bulb B and the tap '1\ was closed. 
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The bulb was removed and the grease washed off with ether. After 
drying, it was placed in the balance along with the counterpoise, which had 
been subjected to similar treatment. Several hours were allowed to elapse 
before weighings were made. As in the case of the calibration of weights, 
the interchange method was employed when weighing the gases, the sensi- 
tiveness being determined in each case. The weight of the empty bulb was 
taken both before and after the experiments, and it was found that no mea- 
surable change occurred. This indicated that the gas did not decompose 
in the interval. 

The necessary corrections for the weight, volume, pressure and tem- 
perature were applied and the density calculated. 


Compressibility. 


The apparatus may be considered to consist of three parts, (1) the 
density bulb, (2) the dead si)ace, (3) the expansion bulb M. If it be assumed 
that the compressibility is linear, i.e., pv—p^ (l-Ap), the mass of gas in a 

pv 

volume V, at a pressure p, is proportional to where T is the 

absolute temperature. 


Denoting by suflixes the volumes and temperatures of the three parts, 
and, by a dash, corresponding quantities at a second observation, the general 
equation — 


pv, pv. pv^ 

^ P‘V\ L, . 

(1- (T-. 4 ',/)')rv (1 -A'^pyr, 

holds good, .since the jjressure throughout the apparatus is constant. In 
])ractice, this admits of considerable simplification : Vg is small and equal 
to 7/2, while 7 2, and V 'a are very nearly equal so that A., A^, A\ 

A\ may be considered equal. 

When the compressibility is determined at room temperature in 
the manner already described, p is the i)ressure with the mercury at the 
point and p' when it is raised to P. v\ is consequently zero ; the tem- 
peratures are all nearly the same and all the A terms arc equal to, say. At. 
Ar may, therefore, be determined, all the other quantities being known. 
On repeating the experiment with the bulb cooled, 7\ and T\ are unequal 
and, consequently, so are Ai and A\ — say, A*^- Since .4 t is now known, 
A^r iiiay be calculated. 

The compressibility at low temperature may also be determined by 
raising the mercury to the upper point and then cooling the density bulb 
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and reducing the ])ressure simultaneously to keep the volume constant. 
This method has the advantage that i'.,, are both zero and hence the 
result is not affected by a calibration error in this part of tlie apparatus ; on 
the other hand, the temperature must be known with greater accuracy 
than in the other method. 

Preparation and Purification of Materials, 

The silicon hydrides were prepared by the method recommended by 
vStock and vSomieski.^ Magnesium silicide was made l)y the ignition of a 
mixture of anhydrous .silica free from alkali, and niagnesiuni turnings free from 
arsenic and phosphorus, Kahlbaum’s analytical reagents being used for the 
purpose. The silicide was then powdered, sieved and the exce.ss of uu- 
burnt magnesium removed mechanically. About 25 grains of this product 
were then decomposed in an atmosphere of Iiydrogen l)y adding it gradually 
to a ten per cent, solution of jiure hydrochloric acid, the temiieraturc being 
kejjt in the neighbourhood of 50‘^ C. 

The evolved gas after passing thrcnigh a rellux condenser, a spray trap 
and a U tube at — iO'^C., was condensed in a U tube cooled by liquid air 
and the major portion later boiled off into a gas holder. The gas was 
recondensed and pumped off at a temperature of about 155'' C., the vajiour 
pressure being 50 millimetres. At this tem])erature the vapour jiressurc of 
SigHo according to vStock is less than 0*1 mm. As soon as the pressure 
fell to I- -2 mm., the bath was replaced by one of solid ether (- 115'') and 
])uniping continued until the pressure reached 2 mm. wliich is just above 
the vapour pressure of SigHg at that temiieratiire. On raising the tempera- 
ture to 90° C. more gas was removed consisting mainly of v'^i.JIfl. Tliis 
fractionation was repeated several tiiues until the gases apjieared fairly jnire. 

Preliminary density measurements gave high values for SiH 4 and these 
were ascribed to the jiresen^e of carbon dioxide. This was removed by 
inserting into each tube containing the gas a small piece of freshly ])repared 
quicklime which did not attack the silicane at an a])preciable rate. The 
gas was then fractionated once more before making nieasurements. 

Results, 

The following compressibility values were obtained, each being the 
mean of two observations. Owing to an unfortunate accident in which 
most of the gas was lost, it was not i)ossiblc to make measurements with 
SijjHg at low temperatures. These values although sufficient for the i)urpose 
for which they were originally required are not accurate enough for atomic 


3 ncr„ 1916, 49, 111. 
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Tablk I. 



rc. 

^XlO> 

re. 

A xlO* 


Sill4 

27-0 

7-1 

1 

24 •() 

8*7 



27-0 

8-4 

27 -5 

7-9 

Mean 8 4 


25 -0 

9-2 

20*0 

8-9 



-79-8 

2f)* 

-79*8 

20 

Mean 23 



2 1* 


21. 



28-0 

25 

27-0 

20 

Mean 20 


25-5 

20 

27-0 

27 



* Constant volumu method, 

Tablk II. 


Gaa 

fi). 

V c.c. 

W grams 

I.Mnm. 

I^N.T.r. 

(Uneorr.) 


Mol. wt. 

Oxygen . . 

23“ -00 


0. 107 10 

.">81 -02 

1-131.2 

1 - 1302 



21'’ "83 


0-12537 

! 081-30 

1 - 1307 

1-1290 


Monosihine 

23“ -50 

>7 

0-12380 

003-81 

1.-1111 

1 - 4338 

32 -09 


24" -58 

7 » 

0 -12901 

091 -93 

1 • 1 187 

1 -1370 

.32-17 


21“ -20 

» 

0-12985 

090 ] 

1-1177 

1 - 1300 

.32 -1.3 


25“ -20 

77 

0-12837 

090-17 

1-1180 

1-1370 

.32-10 


25“ -22 

77 

0-12910 

095-38 

1-1100 

1-1319 

.32-11 


-79“ -8 

100 .53 

0.1.2395 

130 -07 

1 -455:^ 

1 •4348 

.32 -11 



77 

0 42102 

; 430-04 

1 -4563 

1 -43^57 

.32-13 

Disilane . . 

28“ -03 

100.04 

0 -21312 

585-10 

1 

2 -8021 

2 -8050 

62-77 


20“ .95 

77 

0 -24819 

1 077 -50 

1 

2 -8085 

2 -8021 

02 -71 


Mean molecular weight of monosilane =32 *13 
„ „ disilanc 
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weight clcteniiinations. They could probably be inii)rovcd by reading the 
pressures with a mkTonietcr eye-piece instead of the simple telescope 
actually used, and by jackettiiig the manometer. 

The density values are given in Table II as well as two measurements 
with oxygen for comparison. The values for this gas are higher than tlie 
accei)tcd value for the normal litre I - *1290, indicating a constant error. If, 
however, these are taken as standard, the resulting ligures for tlie silicanes 
should be fairly accurate. In the column l)p=^0 is given the reduced 
density or the weight of a normal litre if the compre.ssibility were zero. 
These ligures are calculated from the measured density and pre.ssure and 
the compressibility. The molecular weight in the last column is obtained 
by multiplying ‘32 -00 by the ratio of this reduced density to that of the mean 
value for oxygen 1*4299. 

Discussion. 

Stock and Kuss* made some preliminary determinations of the atomic 
weight of silicon by the dcc()inpo.sition of silane with sodium hydroxide and 
obtained a value 28*15. Although this value was far from being decisive 
it suggested that the then accej^ted value 28 was rather high. 

A little later vStock and Somicski^ measured the gas densities for silicane 
and silicoethane and obtained the values tl2*29 and (5:3 *8 or 01-2 for the 
molecular weights. Apparently no corrections for the deviations from 
Boyle's law .seem to have been applied. As.sumlng the values of comj)ressi- 
bilities obtained in the present investigations to hold at the tem])eratiires 
of their measurements, the values for the inok-cnlar weights work out to 
be :32-02 and 02 •:5 for mono and disi\^\nes Tesi)ectively. 

Baxter and co-u-orkers® from the analysis of silicon tetrachloride and 
tetrabroinide purilied by tlfi^rough fractional distillation under exclusion 
of air and varying pressures, obtained as the mean of a large number of 
determinations the value 28-00:3 for the atomic weight of silicon. 

An year later O. Ildiiigschmid and ]M. Steinheil’ emidoying the same 
tetrachloride method arrived at the value 28- 105 -OO:!. At present 
Baxter’s value has been accepted, although the relatively higher value of 
Hoiiigschmid has no reason to be rejected, being the mean of sufficiently 
concordant results. 

•4 Bcr., 1914 , 47 , 3115 . 

!■> Bcr., 1916 , 49 , 1 . 111 . 

** Proc. .-Inter. AcaJ. Arts and Set.. 1923 , 58 , 245 . 

Zcil. anory. Client., 1924 , 141 , 101 . 
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The value obtained in the present investigations taking into considera- 
tion only the monosilane, comes out to be 28 •!() :f. -03. This agrees prac- 
tically with the value 28 • 1 05 given by Honigschniid b}*^ an altogether different 
method. The value 28*34 calculated from silicoethanc is undoubtedly too 
high owing probably to the impurities of the higher honiologues and adsorp- 
tion effects. 

It is unnecessary to mention the several advantages of the gas density 
method over the other methods. It is interesting to note that the corrected 
molecular weights at the ordinary and low temperatures are practically the 
same, indicating thereby that no association occurs at low temperatures 
and also that the effects of adsorption of the monosilane are not appreciable. 

Summary and Conclusion. 

1. An apparatus for the simultaneous measurements of densities and 
approximate compressibilities at the ordinary and low temperatures, has 
been described. 

2. Measurements of densities and compressibilities on monosilane at 
different temperatures and on disilane at the ordinary temperature have 
been made. 

3. The atomic weight of silicon obtained from the corrected molecular 
weights obtained in the i^resent investigations, has been compared with the 
existing values by other authors. 

In conclusion we wish to express owr grateful thanks to Prof. IT. K. 
Watson for his valuable criticisms and constant interest in the work. 
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(Comniiiiiicatcd by Sir C. V. Raman, Kt., F.r.s., n.l.) 

1. Introdnclinn. 

It is well known that when certain jiairs of liquids are brouKht together in 
suitable proportions, two liqnitl jdiases result ; for example, in the case of 
phenol and water, the iqqicr phase is a solution of phenol in water and the 
lower phase a solution of water in idieiiol. As the temperature is slowly 
raised, the compositions of the two idiases tend to equality until at a parti- 
cular temperature (called the critical solution temperature), the line of 
sc])aratioii disapjiears and the whole mass ])resents the appearance of a single 
homogeneous phase. At this temperature the mixture exhibits a very 
marked turbidity or opalescence. The intensity of o])alcscence is markedly 
a function of teni[)erature, being greatest at the critical solution temperature 
and becoming very weak as the temperature is removed from it in either 
direction. The earlier investigators in this field suggested as an explanation 
of the oi)alescence that the liquid mixture in tlie vicinity of the critical solu- 
tion temperature behaves as an eiuuisoid. Smoluchowski was the first to 
propose a thermodynamic theory of flic phenomenon which later was elabo- 
rated by Kinstein. Kinstein’s formula for the iiitensit}^ of opale.scence 
received experimental support from the (luantitative studies of I*‘urth and 
Zeruike. There arc certain features of the phenomenon, however, that 
do not find an explanation on the basis of the vSmoluchowski-Kinsteiii theory, 
one of which is that the dciiolarisation of the ojialescencc remains finite 
instead of tending to zero as the critical solution temperature is approached. 
Ill a recent ])apcr^ in these Proceedings, the prCvSent author presented evidence 
that large molecular clusters exist in such liquid mixtures in the neighbour- 
hood of the critical solution temperature. The finite value of the dci^olar- 
isation of the opalescent light arises from the fact that the size of the clusters 
is not small in comparison with the wave-length of light. The exi.steiice of 
such clusters could be demonstrated by the simple optical method de\^elo]ied 

1 K. S. Krishnan, Proc. hid. Acad. Set., 1934, lA, 211. 
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by the author. This consists in examining through a double-image prism, 
the light scattered in the transverse horizontal direction by the mixture 
when it is illumined with light polarised with electric vector horizontal. 
Tf clusters of size comparable with the wave-length of light are i)resent, the 
horizontal component of the scattered light would be distinctly brighter 
than the vertical coin])onent. In a more recent paper'-* the author has 
reported the results of a detailed study of the opalescence of a series of binary 
mixtures over a wide range of temperature above the critical point. These 
results fully confirm the author's preliminary report, and demonstrate the 
existence of clusters in li(piid mixtures — not only at the critical solution 
temiieraturc but also at temjieraturcs considerably removed from it. In the. 
present investigation, a comparative study has been made of the intensity 
and depolarisation of the light scattered by mixtures of phenol and water 
in different ])roportions and at different tenqieratures, with a view to ascertain 
the iiifluence of the composition and of the teinpcralure of the mixture on 
the formation of clusters. The experimental results have an ini])ortaiit 
bearing on other physical projierties of the mixture, such as viscosity, 
magnetic birefringence, etc. 

2. F xperimenUd Details. 

I'or the study of the effect of composition on the ff)rmation of clusters, 
mixtures of phenol and water were chosen as the most suitable, as it had 
been found from the previous inve.stigation that the idicnonienoii is most 
pronounced in this case. Pure crystallised idienol was melted and was 
mixed with pure double distilled water in the reijuisite proportion, and the 
mixture was directly transferred to a clean and dry double bulb. The double 
bulb was then exhausted and sealed. The mixture was then got dust-free 
in one of the bulbs by re])eated slow di.stillation and washing back into tlie 
other bulb. The bulb containing the dust-fre*^ mixture was then sealed olT 
from the other. vSix different mixtures of idienol and water containing 
re.spectively (a) 15% by weight of phenol, (&) 28% of phenol, (c) 84% of 
phenol, (cl) 50% of phenol, (e) 00*^^ of phenol and (/) 70% of phenol, were pre- 
pared du:it-frcc in the manner indicated. The bulbs containing these mixtures 
were apiiroxiniatcly of the same caiiacity and the quantity of mixture con- 
tained in each was also the .same. 

3. Measurement of the Depolarisation of the Scattered Light. 

The experimental arrangement emjdoyed in the ])rescnt investigation 
was similar to that previously emjdoyed* for the measurement of the 

- R. S. Krishnan, Ibid., 915. 

* Loc. cit. 
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depolarisations />«, p-, and p/, with the incident light respectively nnpolariscd, 
polarised with the electric vector vertical and with the electric \'cctor hori- 
zontal. The ordinary lens of long focus used for condensing the light was 
replaced by a photographic lens of the same focal length provided with an 
iris diaphragm. The bulb containing the i)articular mixture to be studied 
was kept immersed in the water-bath. The temperature of the water in 
the bath was slowly raised and was kept steady at aliout llO" above the 
temperature of complete miscibility. The mixture was j)ro])erly shaken. 
The de)>olarisatious p„, p,, and p^ were measured by tlie usual mctluxl of 
Cornu, with the help of a double-image prism and nicol mounted on a stand 
so as to be capable of iiidei)endent rotation about the same axis. The mixture 
was then slowly cooled down and the observations were repeated for a series 
of temperatures uj) to the critical point at whicli tlic mixture sci)arated into 
two layers. The errors in the depolarisation measurements arising from the 
background illumination were avoided by viewing the two components of 
the scattered light against the same background. The error flue to the 
finite convergence of the incident beam was alnuxst negligible since the angle 
of convergence was less than 3”. The values of p,„ p,. and p/, for various 
mixtures are tabul.'ited below. 

4, I nlensHy Mcimtremenls, 

The method usiiall)" ado])tcd by the earlier investigators in this field for 
the comparison and measurement of intensities of sc'attered liglit was visual 
])hotoinetry. Although visual photometry has been recognised as one of 
the accurate methods for the c()m])arisou of intensities, it is defective in lhat 
the ])rocess is tedious and at the same time subjective in nature. The 
advantages of u.sing a photocell togetjier witli a direct current amplifier for 
comparison and measurenient of feeble intensities, c.^., that of light scattered 
l)y a fluid, have already been pointed out by Mr. K. Ananthakrishnan.’'* The 
convenience of using a photocell in such experiments lies in the fact that the 
state of iiolarisatioii of the light has no influence on the photoelectric current 
whicli is a direct measure of the energy of light falling on tlie cell. Moreover, 
in contrast with the visual method it is objective in nature and is less tedious. 
In the present investigation, therefore, the photoelectric metJiod was 
employed for comparing the intensities of light scattered by the mixtures 
of phenol and water at various temperatures. 

The experimental aTrangernciit used for the measurement of intensity 
was similar to that employed for the depolarisation measurements. lUit 
the following alterations were made. The nicol and double-image prism 


3 R. Ananthakrishnan, Proc. hid. Acad. Set., 1934, lA, 201. 
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were removed from the observation side. The transversely scattered light 
after passing through the side tube attached to the wooden box which con- 
tained the scattering substance was allowed to fall on the V-shaped plate of 
the Osram CMG 8 (gas-filled) cell manufactured by the General Klectric 
Company, Ltd., of Ivngland. The photocell was suitably mounted inside 
a wooden case (well iiivSulated) which was painted dull black. The leading 
tube through which the scattered light passed, was also painted dull black 
inside and projected into the wooden case of the photocell. The distance 
of the photocell from the scattering substance was about nine inches. The 
scattered light entering the cell was limited by a scries of apertures. The 
whole arrangement was such that when the mixture was illumined, only the 
light scattered in the exact transverse liorizontal direction entered the cell. 

The photocell was connected to the Valve Bridge Amplifier as shown 
in Fig. 1. 



I. 2 .. l.niO Marconi Dull Kniittcr V..lvi\s. 

Ki, Kj .. lOUOO ohm ivsi.stanccs. 

K, k' .. 20 oliiii grill Ifaks. 

ri .. Viiilt'y rott’iUioinctur (1200 ohms), 
r-j . . Ailjustahh: rheostat (4<J0 ohms), 

r .. Filament rli'^ostat (5 ohms). 

A . . Kihament battery (6 volts). 

II. T. •. High tension battery (115 volts). 

G. n. *. Grid bias battery (2 volts). 

S .. 0.srani (' MGS Photocell. 

G . . Microammetur. 

This amplifier was originally set up by Mr. R. Ananthakrishnan to whom 
the author’s thanks are due. The leads from the photocell were properly 
insulated to avoid disturbances in the amplifier. The amplifier was of the 
sim plest type possible without elaborate controls and the details of its working 
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had already been fully described by Mr. R. Anaiithakrishnan* in his paper 
on the “ Photoelectric Photometry of Light vScatteriiig in Li(inids". It Avas 
found that by the use of good storage batteries, a steady state could be 
reached in the bridge within a short time after switching on the various 
connections. 

The particular mixture under examination was maintained at the re- 
quisite temperature. The incident light was cut off by a chutter before it 
entered the mixture. The various connections in the amplifier circuit were 
switched on and the bridge was brought to a balance by adjusting the 
rheostat (see Pig. 1). The reading of the micro-ammeter Avas taken. The 
incident light was then let into the mixture and the final .steady dcih'ction 
of the micro-ammeter Avas again read off. Tlie oliservations were rei)eated 
with the same mixture for a series of temperatures up to the critical solution 
temperature and also Avith the other mixtures. When the intensity of scat- 
tering was found to increase to large values as Avonld be the case nciir the 
critical solution temperature, the intensity of the incident beam was pro- 
l^ortioiiately reduced by means of the iris diajdiragm attached to the long- 
focus lens so that the dellections of the micro-ammeter were always of tlie 
same order of magnitude. • 

The i)ossible sources of error in the experiment are the following : (a) the 
want of linearity in the response of the amplifier, (/;) the want of steadine.ss 
of the intensity of the light of the ])rojection lantern which Avas used as the 
source of light, and (c) the absorption and rcilectioiis at the various .surfaces. 
The linearity in the resi)onse of the aiiijdifier was tested out by noting the 
deflections of the galvanometer using the same mixture as the .scattering 
substance when the intensity of the ^incident light was rcrluced by known 
amounts. It was foAiiid that the dellections registered Viy the galvanometer 
in the bridge circuit Avheii s^iattcred light of a certain .small inteiivsity was 
allowed to fall on the photocell could be taken to be proportional to the 
intensity of light falling on the cell. 

The intensity of light eincrgiug out of the .sc[uare aperture was measured 
in a foot-candle meter at regular intervals keeping the distance between the 
two standard carbon rods used in the projection lantern constant. It was 
found that the projection lantern could be taken as a fairly steady source 
of light within the limits of experimental error. 

No account was taken of the absorption of light since the distances in- 
volved were small. In this case of the comparison of intensities, errors 
arising from the reflections at the various surfaces, etc., were automatically 


4 R. Ananthakrisbnan, loc. cit. 
A2 
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eliminated b}' the use of bulbs of the same capacity for all the mixtures and 
by keeping the rest of the experimental arrangement undisturbed. 

From the observed dellections of the micro-ammeter and from a know- 
ledge of the proportions in which the intensity of the incident light was 
reduced in each case, the relative intensities of light scattered by the mixtures 
at various temperatures were calculated. The results are tabulated below. 


I. 

(a) 15% Phenol. 


Teinpernturc 
of the 

Pa 

Pv 

p, 

/ 

Relative intensity 

mixture 

o. . 

O,’ 

/<) 

«/ 

.<) 

(observed) 

(calculated) 

O' 

of transversely 
scatteretl light 





,o 


f 

88 

100 

1 -5 

5-1 

.0 

1 *0 (assumed) 

78 

100 

L-1 

2 

«) ,*i 

1 .3 

G(l 

100 

075 

11 

1 -5 

2*0 

01 

100 

.0 .55 

1 .1 

1 .1 

;j .8 

00 

100 

0-5 

1 «0 

1 .0 

8-3 


Tablk II. 

{b) 28% Phenol. 


Teniperal ure 
of the 
mixture 
"C. 

Ph 

O' 

.o 

Pv 

.'O 

p.. 

Kehitive intensity 
of transversely 
scattered light 

(observed) 

•• 

• O 

' 1 

(caltailaftd) 

() 

00 

100 

0-9 

1-7 

1-8 

1-0 (llSSllllKMl) 

87 

81 

0-7 

1 .5 

1-5 

1-2 

81 

70 

0-5 

l-O 

1-2 

1-7 

77 

59 

0.34 

0 .81 

0-9 

2.4 

74 

19 

0*27 

0.70 

0-82 

3.9 

72 

35 

0.23 

0-7 

0.88 

5.8 

68 *5 

22 

0.15 

0.62 

0.83 

23.8 
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Table III. 

{c) Uy^ Phenol. 
(Critical Composition Mixture.) 


Temperature 
of the 
mixture 
®C. 

Pa 

o/ 

/O 

i 

cv 

.-o 

• P 

1 . . “ • 

Ki'Iativo intensity 
of ilu; tmnsveisely 
scattered 

j (observetl) 

Vn 

(rnlcuIatctO 

o/ 

/II 

95 

76 

1-0 

2 *2 

2 .3 

1..0 (assiiiiHMl) 

90 

60 

0-7 

1 *5 

1..7 

1.2 

87-5 

01 

0-0 

1*1 

1 .0 

1-3 

83 

61 

0-13 

1 .1 

1 .3 

2-1 

80 

47 

0*31 

0 -93 

I .0 

2-9 

77 

39 

0-27 

077 

0 -oo 

I 

3 .8 

71 

31 

0 -23 

0.75 

1 -0 

7.8 

71 

20 

0-19 

0-7 

• 0*93 

21 .0 

09 -5 

10 

0-12 

0 .02 

0 .87 

15.0 

69 

12 j 

0-07 

0 .02 

0.05 

53 .0 


Table IV. 

(d) 50% Phenol. 


Temperature 
of the mixture 

- 

i 

Pr 

% 

(olismed ) 

!»' 

(1 

u 

(calculated) 

0 / 

Relative intensity 
of the transversely 
scattered light 

90 

100 

2.1 

1.0 

l-L 

1 -0 (assumed) 

85 

95 

l-O 

3.3 

3 -2 

1.3 

80 

93 

1.2 

2 .5 

2-5 

1.7 

75 

80 

0.81 

2.1 

1.9 

2.1 

70 

70 

0 .02 

1.5 

1.3 

3.2 

06.5 

51 

0.32 

1.0 

0.95 

4.8 

64.5 

41 

0.27 

1.0 

0.93 

8.2 
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Tablk V. (e) C0% Phenol. 


Temperature 
of the mixture 
°C. 

% 


(oliserved) 

O' 

/o 

(calculated) 

n/ 

'II 

Relative intensity 
of the transversely 
scattered lij^ht 

80 

100 

4 .5 

8-2 

8-0 

1 •() (assumed) 

79 

100 

3-8 

7-2 

7-3 

1-2 

70 

100 

2-8 

5 -3 

5-5 

1-0 

05 

100 

2-4 

4 .8 

4.7 

2-3 

(il 

100 

1*9 

3-8 

3-7 

3-7 


Tabi.i? VI. (/) 70'V, Phenol. 


Temperature 
of the 
mixture 

'c:. 

Pa 

% 

0 / 

.0 

(ol>scive<I) 

O' 

, 0 

p« 

(calcw lilted j 

i)/ 

. I) 

Kul alive intensity 
of the transversely 

scattered light 

59 

.10(1 

' 9-3 

10 .3 

17-0 

1 •() (asHiiinod) 

49 

100 

8-2 

14-9 

ir..i 

1-2 

40 

100 

(i-9 

i 

12 *2 

IJ-O 

1 -3 

30 

1(10 

0-0 

1 

ll-O 

11 •;{ 

1 -5 


Tabi,k VI 1. 


('omposilion 
of the mixture 
f.f.i % hy weight 
of Phenol 

Temperature of 
miscibility 

1 “C. 

Pa 

O' 

/o 

0/ 

.0 

P 

n 

0 ■ 

.0 

Relative; 
intensity of 
opalesi'encc 

15 

()0 

1.00 . 

0-5 

1 

l-O 

(> '0 

28 

GS-5 

22 

0-15 

0 -02 

7L 

34 

69 

12 

0*07 

0*62 

186 

50 

04 -5 

41 

0-27 

1-0 

15 

00 

Cl 

100 i 

1-9 

3.8 

3 

70 

30 

100 

1 

O-O 

1 

11 .0 

1 (assumed) 
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5. Discussion of Residts. 

In the tables given above the numbers given in the fifth cohiiiin are the 
values of p,, calculated from the observed values of p/, and p,. using the reci- 
procity formula.® The observed values of p„ are in satisfactory agreement 
with the calculated values. 

The experimental results show some very striking characteristics. I'or 
a mixture having any com])osition whatsoever, the values of the depolarisa- 
tions p„. p,, and p/, arc mininiiim at the critical point, while the intensity of 
light scattered transversely is a maxinniin at this temperature. Again the 
depolarisations p^^, p.j and p/, attain minimuin values and the intensity of 
scattering attains the maxiniuin value for the mixture having the exact 
critical com]M)sition, i.e., in this case for a inixlurc containing :i l% by weight 
of phenol (see Table VII). Tlic temperature of complete miscibility, as is 
well known, is also maxiinuiu for this concentration. As we go away from the 
critical composition on either side, the temperature of complete nii:'cibility 
decreases, the dei)olarisalion values increase suddenly at first and then 
gradually. In the same manner, the intensity of scattering falls off suddenly 
to less than half its value for the critical solution mixture, when the com- 
position differs from the critical composition even by a small amount. l^)r 
any mixture and especially for a critical composition mixture, there is a very 
rapid increase in the intensity of scattering as the critical solution temi)era- 
ture is approached. If curves are drawn showing (1) the dependence of 
depolarisation on composition, (2) the temperature of complete miscibility 
on com])osition, and (*1) tlie inten.sity of scattering on composition, they will 
have approximately the same parabolic lorni. 

It is seen from the results obtained that p/^ for mixtures containing 15% 
by weight of ifiienol, 00° o phenol and 70% phenol has always the limiiiny^ 
value of 100% showing tlierefty that no detectable clusters are j)re.sent in 
tlie.se mixtures. In the case of the other three mixtures (i.e., nii.xtures 
containing 28% phenol, 34% phenol and 50% phenol) detectable clusters 
are formed as is seen from the fall in the value of p/; from 100%. The range 
over which such clusters are detectable is less than 20'’ C. for mixtures con- 
taining 28% phenol and 507o phenol, while the range is more than 30" C. 
for a 34% phenol mixture. The values of p/, and p^, for the 34% phenol 
mixture at the critical solution temperature are considerably lower than the 
corresj)onding values for other mixtures. But the values of p„ is of the same 
order of magnitude. These delinitely indicate that not only is the tendency 
for the formation of molecular clusters a maximum for the critical composition 


^ R. S. Krishiian, Proc, Ind, Acad. Sci., 1935, lA, 782. 
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mixture, but also that the size of the clusters formed is greatest for this 
mixture. These results are in accordance with the remark made by H. S. 
Taylor® in his book on Physical Chemistry, that it is only with the critical 
composition in a system containing two partially miscible liquids that a critical 
state can he reached, 

6, Relation to Other Physical Properties, 

Various other physical properties such as viscosity, flow birefringence, 
magnetic birefringence, etc., have been extensively studied by numerous 
investigators. Ostwald and Malss’ have determined the cocflicieiit of vis- 
cosity for a scries of binary mixtures of the tyi)e phenol and water both 
above and below the critical solution temperature. Only mixtures having 
the exact critical composition have been studied by them. They find an 
abnormal increase in the viscosity at the critical point. They try to explain 
the same by saying that liquid mixtures at the critical solution temperature 
are ernulsoid systems of approximately colloidal degree of dispersion. 
Ostwald and I'Crbring® further found a marked streaming double refraction 
for a mixture of carbon disulphide and methyl alcohol within a definite region 
of temperature in the neighbourhood of the critical solution temperature. 

A. Piekara® has investigated the variation of magnetic birefringence 
with temperature at different concentrations in mixtures of nitrobenzene 
and normal hexane. He liiids that the thermal coefiicient of magnetic 
birefringence increases with concentration, the coefficient becoming abnormally 
large at the critical solution ])oint. The results are explained by him by 
assuming that the increase in the molecular association causes an increase in 
the molecular and magneto-optic anisotropy. These abnormal properties 
exhibited l)y critical composition mixtures near the critical point arc in all 
probability due to the formation of molecular clusters under these conditions. 

Critical composition mixtures near the critical ])oint cannot be regarded 
as colloidal solutions or emulsoids since some important characteristics of a 
colloidal solution are not exhibited by these mixtures. A colloidal system 
])rogressively changes with time. But it is a fact of observation that the 
critical opalescence and such other ])heuomena exhibited by critical solution 
mixtures are invariant with time and depend only on the temperature. 
Moreover, if liquid mixtures at the point of complete miscibility behave 
like ernulsoid systems, then all the phenomena which are characteristic of 

H. S. Taylor, .1 Treatise dh Physical Chemistry, Vol. 1, 530. 

7 W. Ostwald and A. Malss. Kolf. Zeits., 1933, 63, 01. 

^ VV. Ostwald and Krbring, KoH, Zeits., 1933, 64, 229. 

® A. Piekara, Jour, de Phys., 1934, 5, 54. 
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the critical composition mixture should also be exhibited by mixtures whose 
compositions are widely different from the critical composition. But this 
is not so. Although large molecular clusters are formed in binary liquid 
mixtures at the critical solution temperature, there seems to be no justifica- 
tion for regarding them as colloidal systems. 

In conclusion, the author wishes to record his indebtedness to Prof. 
vSir C. V. Raman, Kt., F.R.S., n.i,., for his kind and helpful interest in the work. 

7. Summary. 

This i>aper deals with a comparative study of the intensity and de]3olari- 
sation of the light scattered transversely by mixtures of ])henol and water 
in difTerent i)ro])ortions and at different tein])eratures. The lowest values 
for the depolarisations and p/^ are obtained with the critical coinj)osi- 

tioii mixture (in this case •M% ])heuol mixture) at the critical solution teni- 
])erature, where and p/^ are the depolarisations of the light scattered 

transversely when the incident light is (1) unj)olari.sed, (2) polarised with 
electric vector v^ertical, and (.‘1) polarised with electric vector horizontal 
respectively. The photoelectric method was employed for the comparison 
of intensities of scattering by these mixtures at various tem])eratures almve 
the critical solution temperature. The intensity of scattering is found to 
increase considerably for the phenol mi.xture as the. critical solution 
temperature is a])proached. It is found that the tendency for the formation 
of clusters and the .size of the clusters formed tlei)einl on the temperature 
and coui])Osition of the mixture. These pheiionu'iia are found to be most 
pronounced for the critical coni])osiliou mixture at the critical solution tem- 
perature. The bearing of these results on the anomalies of viscosity, magnetic 
bircfriiigeiicc, etc., noticed in the vk'iiiity of the critical conditions is al.so 
pointed out. 



ON THE DIPOLE MOMENT OF TETRALIN. 


By M. a. Govinda Rau, M.A., Pii.D., 

AND 

S. Satyanarayana Rao, M.Sc. 

{Vrom the Department uj Physics, Indian Institute of Science, Bancjalore.) 

Received August 15, 1935. 

M. Puchaijk^ has recently reported that tetralin (tetrahydronaphthalcne) 
exhibits in benzene solutions considerable association, and a dipole moment 
of v^alue 1-06x10-^“ e.s.u. Now, this value of moment is unusually high 
for a pure hydrocarbon, l^xperimental measurements have so far shown* 
that with the exception of the unsymmetrically substituted acetylene hydro- 
carbons, investigated by Otto and Wenzkc,* almost the whole gamut of hydro- 
carbons of whatever shape and .structure show moment values only between 
O'T) to ()•(). liven here, the higher values are shown generally by unsym- 
metrically substituted ethylene compounds, and .some benzene derivatives. 
More recently rather high values of moment have been reported by Svirbely, 
Albard and Warner* for ^/-piiieiie and ^Mimonene : these values, however, 
require contirniation, particularly as the measurements have been carried 
out at extremely dilute solutions where the experimental errors have enormous 
effect on the calculatetl values of moment.® It was, therefore, deemed neces- 
sary to check up the high value rcq)orted for the moment of tetralin and all 
the more so, as almost pure tetralin is available in commercial quantities 
and could be used as a solvent in dipole moment ineasuremcnts. 

Experinurntal. 

The tetraliydroiiaphthalene used in these exi^eriments was i)repared 
from a '‘pure” stock, ])y drying over phosphorous pentoxidc, and two succes- 
sive slow fractional distillations in an all-glass ai)paratus under reduced 
pressure. The middle fraction boiling at a very steady teni])crature was 
collected for use: 0-9639, *5382. 

The dielectric constant and dcj’sity of the pure tetralin itself was measured 
initially, over the temperature range 10 to 40"*, with the apparatus and 
methods described already.® The experimental values together with the 

I M. Piidialik, Acta. phy.uc. Polon., 1933, 2, 305-310. See Sci. Ahs., 1934, 1294. 

3 “Table of Dipole Moments, Class 2R," Trans. Parad. Soc., 1934, 30. 

3 M. M. Otto and H. II. Wenzke, /. Amer. Chem. Soc., 1934, 56, 1314. 

4 W. J. Svirbely, J. E. Albard and J. C. Warner, Ibid., 1935, 57, 652. 

M. A. (loviiula Rau and B. N. Narayaiiaswamy, ^ei/. phys. Chem., (B), 1934, 26, 25. 

3 M. A. Govinda Rau and B. N. Narayanaswamy, toe. cit. 
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calculated values for the molecular polarisations are presented in Table I. 
It is at once evident from the low value for the dielectric constant, and the 
very slight decrease in molecular polarisation with temperature, that tetralin 
is a nearly non-polar liquid, whose molecules have a linite but small moment. 
For, experimental measurements on all deliiiitely non-polar liquids have 
hitherto shown a small but finite rise in molecular polarisation values with 
temperature/ a behaviour which is satisfactorily accounted for on the basis 
of the Raman-Krishnaii theory of licpiid structure.^ If it is assumed that 
the Debye equation can be directly ajiplied to the polarisation values for the 
pure liquid state,® the calculated value for the moment of tetralin comes out 
as 0 •41x10“^*. 

TAni,iv I. 

Pure Tctriflin. 


Tcniperaliirc in °C. 

IMelivIrir cniistunt 1 
(K) 

Density (//) 

J, E— J _M 

10 

2 -785 

0 -OTCO 

50.5! 

20 

2.750 

0 .9(i79 

50.12 

30 

2-727 

0 .9599 

50 .30 

10 

2 .697 

0 .9519 

50.1.6 


The difficulties in determining to the usual degree of accuracy moments of 
this order of magnitude by the method o'' dilute solulions have been discussed 
frequently in the literature.^® Thus, when the so-called “optical’' method 
of calculating moment is employed, usually unsatisfactory results are obtained 
as there is no reliable method of determining the exact value of the induced 
or displacement polarisation. On the other hand when the method of 
temperature coefficient of molar ])olarisation is cinjdoyed an increased accur- 
acy, at least ten times in the dielectric constant and density values, is called 
for, or else the temperature range over w'liich the molar polarisation is deter- 
mined must be considerably enlarged. As in the present case benzene is 


^ C. P. Smyth and W. N. Stoops, Jour, .finer, them. Soc., 192S, 50, 188.3; R. \V. Donite 
and C. P. Sinytli, Ilml.. 1930, 52, 3540; L. K. Sutton, 0. A. Now and J. 15. Hcntlcy. 

Chan, Soc., 1933, 652 ; F. I'airbrollicr, Proc. Poy. Soc., (A). 1933, 142, 173 ; \V. lyautsch, Xcit. 
f^hys. Chan., (B), 1928, 1, 115; H. Ulich, K. Ik-rtcl and W. Ncspital, /hid.. 1932, 17, 309. 

^ C. V. Raman and K. S. Krishnan, Proc. Koy. Soc., (A), 1927, 117, 589; Phil. Mof/., 
1928, 5, 498; K. S. Krtshnan, Proc. Poy. Soc., (A), 1929, 126, 155. 

« L. M. Heil, Phys. Kcv., 1932, 39, 600; J. I\stcnnann. Xcit. phys. Chem., (B), 1928, 1, 13-1. 
Sec M. A. Govinda Ran and B. N. Narayanaswamy, loc. cit. 
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the solvent in which the high moment has to be examined, the temperature 
range over which measurements could be made stands limited. Further, as 
the methods and apparatus used to determine the dielectric constant and 
density were the same as before, it was hoped to obtain any improvement 
ill accuracy by determining these values over a larger range of concentrations, 
particularly as with weakly polar solutes and non-polar solvents, the dielectric 
constant and density can be reasonably expected to be a linear function 
of concentration over a much larger range. This was realised in the present 
experiments. The slojies a and p of dielectric constant and density respec- 
tively with molar concentration were read off correct to O-OOl and O-OOOl, 
and the P 200 values calculated by the Iledcstraiid formula (Table II). The 
resulting slope of 1*200' */t calculated by the method of least sejuares gave 
a moment value of 0 -40x10“^® e.s.u. 

This moment was also calculated by the “optical** method as a further 
check. There are here usually two methods employed, the one in wliich 
the total induced polarisation is taken as the molar refiactivity for the 
sodium I) line, and the other in which it is taken as equal to MKoo + 15% 
of same, where MRco the extrapolated value of molar refractivity for 
infinite wave-length. 

Tabi^k II. 

(i) 


Coin'C'iit ra- 
tion in mol. 






0 

2 .30.3 

0.8884 

2 .284 

0 -01071 

2 .319 

0 .8908 

2 .300 

0 -02750 

2 -329 

0 -8924 

2 ..309 

0 -03100 

2 .333 

0 -8930 

2 .314 

0-05201 

2 .3.50 

0 .8950 

2 .329 

0 -00350 

2 .355 

0.8970 

2 ..334 

0-09105 

2 .378 

0.90J2 

2 .357 


20” 

it 

0.8777 
0 .8801 
0 .8818 
0 -8820 
0 .8852 
0 -8800 
0 .8909 


30 ” 40 ” 

K d K d 

2.2(>.5 .8()09 .215 0-8501 

2.281 .809 1 .203 0.8587 

2.289 .8712 -209 0-8000 

2.29f -8723 .271 0-8019 

2. .309 -8718 .288 0-8041 

2.313 .8703 .292 0-8059 

2.337 .8808 ..310 0-8700 


The value of MRn calculated from our data is 42.91 c.c. ; and when 
subtracted from the value of Pgoo at 20®, gives an orientation polarisation of 
9.51 C.C., corresponding to a moment of 0-07 xl0“^®. On the other hand 
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(ii) 



a 

/S 


10 

0-S20 

0-1112 

52 - 19 

20 

0 -803 

0-1415 

52-42 

30 

0-789 

0-1520 

52 -24 

40 

0-7S1 

0-1590 

52-17 


the value of MR^ calculated from the values of Ainvers,** is 4 I -10, and the 
moment calculated by the second method ()• 19x10'*”. This value agrees 
better with those determined by the temperature coeflicient methods. It is 
interesting that an exactly similar observation has been made in a recent 
paper by Briegleb and Kainbeitz,** where it is found that a value of J *15 
MRoo for the induced ])olarisation leads to a more i)assable value for the 
moment of synimetrical trinitrobenzenc. 

!)isciission. , 

To a rather rough ap])roxiinalion tetralin could be regarded as an alkyl 
ortho disubstituted benzene deriv'alive, and the moment should therefore 1 .k‘ 
of the order of that of ortho-xylene, i.e., of about 0*5 x 10 *”. This is 
just what has been ob.served for tetralin. The high value of moment reixnted 
by Puchalik is therefore improbable. A closer consideration of the structure 
of tetralin is at present dilhcult. While it is obvious that the two carbon 
atoms of the two CII 2 groups directly attached to the benzene ring must be 
in the plane of the ring, tlie other t\vo carbon atoms in the remaining CTTo 
groups can lie either in the plane of the other atoms or di.splaccd from it. 
The structure of this saturated half of tetralin should be exactly analogous 
to that of cyclohexcnc (Cellio). A study of the moment of this compound 
should throw some light on the origin of the nionieiit of tetralin, and the 
inllucnce, if any, of the aromatic uiisaturated half of tetralin on the aliphatic 
saturated half. Work on these lines is under ])rogress. 

Sitmviayy. 

The moment of tetralin as measured in benzene as .solvent is only 0-4 to 
0-5x10"*®, and not I -GO x 10 *” as reported by Puchalik. The origin of 
this small but finite moment is briefly discu.ssed. 


1 * V. Auwers, Bcrichtc, 1913, 46, 2990, quoted by Land«>lt Tabcllen. 

^2 G. HricKleb and J. Kanibeitz, Zeit. phys. Chem., (13), 1934, 27, 11. See also G. Brir"leb, 
Zeit. phys. Client., (B), 1932, 16, 276. 
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/. Introduction. 

In previous communications, the author described experiments dealinj^ with 
the exaiiiiiiatioii of niolccularl}’' scattered Hi^ht with the aid of a h^abrA^-Perot 
Interferometer and a specially-designed cathode-cooled low-deiisity mercury 
vapour lamp. 

In the first of these communications^ which concerned itself with the 
study of the fine structure of the radiations .scattered by li(iiiid benzene in 
the backward direction, the author siicccssEully demonstrated the reality 
of the two Doppler components appearing one on either side of the central 
undisplaced line. There was no indication, however, of the other components 
of higher frequency shifts reported by Oross.“ The formula of Brilloiiin 
was also checked, the calculated values of the fre([uency shifts agreeing i)arti- 
cularly well with the observed values for the mercury radiations, 4047 A, 
4078 A and 4358 A. 

Ill the next paper® were reported ?iomc results concerning the relati\’e 
intensities of the central undisplaced line to the outer l)op])ler components 
in the two liquids, carbon tetrachloride and folueiie, chosen specially in 
view of the fact that the first liejuid has optically isotropic molecules, while 
the latter has a relatively high degree of molecular anisotroj^y. The central 
undisplaced component appeared with great intensity in carbon tetrachloride, 
which indicates that the optical anisotropy of the molecules is not primarily 
responsible for the apj)earance of this central component. The Fabry-Perot 
pattern with toluene showed a strong continuous spectrum overlapping the 
triplet. This feature was almost entirely absent in the pattern obtained 
wdth carbon tetrachloride. From this it may be concluded that the continuous 

* H. V. Ragbavciiclra Rao, Proc. Ind. Acad. Set., 1934, 1, 261. 

- E. (iross, Nature, 1930, 126, 400. 

B. V. Raghavendra Rao, Proc. Ind. Acad. Set., 1935, 1, 473. 
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spectrum is a Raman effect clue to the hindered rotation or angular 
oscillation of the mc^lecules in tlie liquid, the intensity of this being naturally 
a function of the optical anisotropy of the molecules. 

The third paper of the series^ dealt with the inlluence of change of tem- 
perature of the liciuid on the fine structure of the scattered radiation. On 
heating liquid carbon tetrachloride to TO'^C.. the Doppler components on 
either side of the central undisplaced component became fainter and broader, 
and tended to merge with the central line which brightened uj) in intensity. 
The Doppler components were also found to a])proach the central line with 
rise of temperature. Tliese results suggest that the Brilloiiin theory of the 
Dcjppler effect de])arts from the truth, as the temperature of the lupiid is 
raised. 

The present paper describes a study of the .state of polarisation of the 
three components observed in the s])cctrum of the scattered light when 
examined with a I'abry-Pcrot etalon. lieyond a casual statcmicnt by Cross" 
in one of his communications to Ndturc, very Utile work ap])ears to have 
been done on this subject. Hence it was thought iin])ortant to undertake 
a careful examination of this <iuestion. h'or this ])urpose, it is nece,s.sary to 
observe the light scattered in the transverse direction, though this direction 
is not so well suited for a separation of the Do])]der components from the 
central line, owing to their closer approach to it. 

2. Experimental Arra}u^cments, 

Since in this case we have to examine the transversely scattered light, 
a horizontal tyj)e of low-density cathode-cooled mercury vajiour lamp has 
been designed as shown in Pig. 1. TJie intensity of this lamp is enhanced 

i B 



Fig. 1. 



^ 13. V. RafrJiiivcndra Rao, Pvoc. hid. Acad, ^ci., 1935, 1, 765. 
•'» K. Gro.ss, Nature, 1930, 126 , 400. 
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by running two arCvS simultaneously with the aid of the two anodes and tlie 
common mercury cathode. A ])arallel beam of light from this lamp is made 
to illuminate the side of the Wood's tube along it.s axis, by means of a big 
8" condenser. A large s(iuare-ended Nicol is placed between the observa- 
tion window of the Wood’s tube and the I'abry-Perot etalon, and the emerg- 
ing interference ]nittern of the scattered light is focussed on to the slit of 
a h'iujss spectrograpli by a lens. Two sei)arate sj)cctra arc recorded in each 
case, one with the Nicol having its vibration axis vertical and the other with 
the vibration axis horizontal. Tliree liquids have been studied, namely, 
carbon tetrachloride, toluene and carbon disul])hide, chosen as representa- 
tive cases of molecules liaving respectively no optical anisotropy, moderate 
anisotropy and a high degree of anisotropy. 

3. Results. 

Carbon tetrachloride . — In the vertical j)osition of the vibration axis of 
the Nicol,' the interference pattern of the scattered light is characterised 
by the appearance of the central line and the two Doppler components on 
a very clear background. In the horizontal position of the Nicol, nothing 
was recorded on the ])late, in spite of extended exposures of the order of 48 
hours. The results indicate that all the three components are comjdetely 
2 Jolariscd, and that a continuou.s spectrum if it is present is extremely weak. 

Toluene . — In the vertical 2 K)sition of the vibration axis of the Nicol, all 
the three components arc i^resent and can be observed in the interference 
l)attern of the scattered light sui)criniposed on a continuous background. 
In the horizontal position of the Nicol, only the continuous background is 
recorded in the s])ectnini, and no trace of the three coni])onents could be 
detected with certainty. ^ 

Carbon disulphide.— The results are very similar to those in the case of 
toluene except that the continuous spectrum in somewhat stronger. Rx- 
])osures ranging from a few hours to 18 hours were gi\'en with the vibration 
axis of the Nicol horizontal, to sec if the presence of any of the three compo- 
nents could be detected superini])osed on the continuous background. There 
were very faint indications of th^ 2 >rescnce of Fabry-Perot rings crossing the 
continuous background, and it was uncertain as to whether they belonged 
to the central undisidaccd line or the Doj^pler conq^oiients. It may be 
mentioned here that any exj^eri mental defects such asthe angle of scattering 
being indefinite by reason of the use of a source of finite length, as also the 
presence of any parasitic light, ought to have, if anything, given a central 
undisplaced line in the horizontal component of the scattered light. 

The plotc reproduces the interference x^atterns of the three liquids as 
negatives for clearness of reproduction. 
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4. Sipii/icancc of the Results. 

So far as the two Doppler eonipoiitMits are coiieerned, we slunild 
expect them to be completely ])olariscd, as is indicated by the 
observations, since they arise from density lluctnations due to the 
I)resencc of sound waves of various wave-leni^ths associated with the 
thermal energy of the medium. The further result indicated by observa- 
tion, namely, that the central undisplaced coinjxment is also comjdetely 
polarised seems at first sight very surprising, esi)ecially when we remember 
that the i)olarisation of transversely scattered liglit is very ini])erfect to the 
extent of 40% in toluene and (>*2% in the case of carbon disnl])hidc. \Vc 
know liow’ever that the central undisidaeed line aj)j)cars with great intensity 
also in the case of carbon tetrachloride, and its aj)pearance is therefore not 
])rimarily ascnbal:)le to tlie optical anisotropy of the molecule. Tliis makes 
it easier to understand why it should be Jiiore or less completely polarised. 
We may assume that the nndisidaced line is due to the scattering of light 
by indivhlual molecules or by groups of molecules in the li([uid which are 
free to rotate or oscillate. The Q branch in the spectrum of the scattered 
light due to such molecules or groujis of molecules vshonld be more or less 
com])leteIy polarised. J'or instance, in the ca*se of carbon disul])hide, tJie 
total scattering by individual molecules w'ould show a defect of polarisation 
only to the extent of 1 1% and if wc consider only the O branch the defect 
would be only a fraction of this, of the order of a few i>er cent. The O branch 
in the scattering by groups of molecules, unless they are highly unsymmetiical 
in shape, sliould be even more comidetely ])olarised. 

Tliese observations and tlie foregoing remarks make it clear why in the 
horizontal component of the scattering by liijuids, the O branch, if presi-iit 
at all, is extremely weak. Ihirther, it follows that juactically the whole 
of the depolarisation of the light scattered by licpiids at ordinal y tcmiieraturcs 
is to be ascribed to the presence of a continuous spectrum of radiation of 
altered wave-length. The presence of such continuous radiation in tlie light 
scattered by liipiids and its marked imperfection of polarisation were dis- 
covered simultaneously with the ])resencc of sliarp lines of altered wave- 
lengths.® The si>ectral character of this radiation, namely, that of a nebu- 
losity or wings accompanying the primary and the displaced lines in the 
spectrum of the scattered light is shown by the very earliest jdiotographs 
and microphotometer records of Kaiiian .spectra. ' The fact that this continuous 

« C. V. Kamaii, hut. Jnur. Pliys.. 1928. 2, 395 ; Xahnr, 1928, 121, 619. 

^ C. V. RaiiKiii, Nalurc, 1928, 121, 711. 

C. V. Raman and K. S. Krishnaii, hid. Jour. Uliys., 1928, 2, Plate 13, fog. 6 and 
Plate 16. 
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spectrum is almost completely unpolarised, that its intensity increases 
with the optical anisotropy of the molecule and that it is unsymmetrical 
about the lines which it accompanies, led Raman and Krishnan® to suggest 
that it arises from the impeded rotations of the molecules in a dense fluid. 
Though much has been written on the subject, this original explanation 
still holds the field if we add the qualification that the impeded rotation 
may take the form of approximate!}" periodic angular oscillations of the 
molecule and that account is also taken of the impeded rotation or oscillation 
of groups of molecules.® 

In view of what has been said above, it is difliciilt to attach much 
significance to the measurements which have been published of the depolari- 
sation of light scattering in liquids made spectroscopically with .slits of vary- 
ing width. Mr. S. Venkateswaran^® who made a series of measurements 
of this kind showed that the depolarisation of light scattering diminishes 
as the slit width employed is narrowed. He also remarked that this dimi- 
nution is much less conspicuous for highly associated liquids such asacelic 
acid, formic acid,,..,etc., than for iion-associatcd liquids, benzene and 
carbon disul])hide. Rousset” who has pursued the subject further has 
shown that by using still finer slits, values for the depolarisation lower than 
those reported by Venkateswaran may be obtained. If we are to credit 
the results obtained in the present paper with the Fabry-Perot ctalon, the 
depolarisation thus measured is simply a function of the resolving power 
of the instrument, and still lower values shouhl be obtained by using spectro- 
graphs of great power and the finest slits possible. This is a subject which 
appears well-worth pursuing, in order to confirm the provisional conch .ion 
that the Q branch is prat'tically absent in the horizontal component of the 
scattering by liquids, and to ascertain the size of the molecular groups present 
and responsible for the continuous .spcctrur^ given by the various types of 
liquids. It appears desirable also to extend the work with the Fabry-Perot 
etalon using highly associated liquids such as formic and acetic acids, and 
also to re-examine the case of iioii-associated liquids using fine slits and an 
auxiliary spectrograi)h of greater power as to eliminate the obliterating 
effect of the superimposed continuous spectrum. Quantitative estimates of 
the imperfection of polarisation of the central undisplaced component would 
evidently be desirable in all these cases. Work on these lines is in progress. 

^ C. V. Raman and K. S. Krishiian, Nature, 1928, 122, 278 and 882; Proc. Roy. Soc., 
1929, 122, 30. 

® S. Bhagavantani, Proc. hid. .dead. Sci, 1935, 2, 63. 

S. Vcnkalcswaran, Phil. Mat)., 1932, 14, 258. 

11 Rousset, C. jf?., 1933, 197, 1033. 
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In conclusion the author desires to ex])ress his grateful thanks to his 
professor Sir C. V. Raman, for his kind interest and helpful guidance during 
the progress of this work. 

Swnmary, 

The present paper describes a study of the state of polarisation of the 
three components observed in the spectrum of the scattered light when 
examined with a I'abry-Perot etalon. Three typical liquids, carbon tetra- 
chloride, toluene and carbon disulphide have been examined. The results 
indicate that the two Doppler components are completely polarised as is 
to be expected, and that the central component is practically completely 
polarised. The significance of the latter result which appears surprising 
at first sight, is discussed in some detail. 
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1. Davenport^ has recently proved the following remarkable Theorem : 

Let p be a prime : let a,, • • a,n be m different residue classes (mod p) ; 
let fti, be n different residue classes (mod p). Let y^, • • •, yi he all 

those differe^U residue classes which are representable as 
a/ + /9/ (1 < « < in, 1 < y < «). 

Then 1 ^ m + n— 1 provided ni | n — 1 < p, and otherwise 1— p. 

In this paper we generalize this theorem to any composite modulus. 
We can only do this by introducing certain rc.strictions on one of 
the sequences. In fact it is easy to show by an example that the theorem 
is not, as it stands, true for non-prime moduli. 

Example, Let the modulus be 81, and let the a’s be the positive 
integers ^ 1(9) and less than 81, so that 9 ; let the /3’s be the positive 

integers = 2(9) and less than 81, so that ;/= r9. Then it is easy to see that 

the y’s arc the positive integers 3(9) and less than SI, so that /— 9. Hence 
l = m-\- n - 9 so that the theorem is not true. 

Our theorem, which is not a coiii])letc generalization, is as follows : 

Theorem /. Let k be a positive intciu-r^ ; let aj, • ■ a,,, be m different 

residue classes (mod k) ; let pi, • • •, he n different residue classes (mod k) 

where one of the p's is 0 and the rest are prime to k. Let yj, , y/ he all the 

different residue classes which are representable as 

ai -\-Pj (1 < t < m, 1 < ;■ < n). 

Then 1 ^ ni + n— 1 if nn-n -1 < k, and otherwise b-k. 

That the number m l- n — 1 in this theorem cannot be replaced by a 
greater number is shown by the following 

Example. J^et the a's be the positive integers - 1(9) and less than 81 ; 
let the ]8’s be the number 0 and the positive integers = 2(9) and less thai 

* Joiini. I^ondon Math. Soc., 1935, lOt 30-32. 
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81. Then w = 9, w= 10. The y sequence consists of the positive integers = 
1(9) and 3 3(9) and less than 81. Hence /= 18. and — 

2. This theorem has applications to the number r(k) in \Variiig*s 
problem. I^et us define r[k) as the least 5 such that every arithmetical 

progression contains an infinity of numbers of the form .r/' l + xf 

where the x*s are integers. Hardy and I^ittlewood'* have proved that 
jr(^) < 4ft, while r*(ft)=4ft for infinitely many ft. It is an easy consequence 
of theorem 1 that 

Theorem 2. Let s ^ 4k, and let the inlcf^crs a,- (r < s) be prime to a. 
Then, every arithmetical proi^ression oex. v ti\ contains infinitely many numbers 
of the form 

ai -I [- as xf 

where the x\s are integers. 

The particular case - • • • ■--= Us = 1 gives Tfji) < 1ft. Detailed 
proofs will appear elsewhere. 


* “Some Problems of ‘ Partitio Numcrorum’: IV,” Math. Zlschr., 1922, 12, 161-188 
(Theorem 12, page 186). 
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The paper pivos an account of ineasurcnicnts on the TiKht scatterinpf and magnetic double 
refraction of sf»nic fused nitrates. The maf^nctic and optical aiii.sotropie.s of the NO.-i group 
arc calculated therefrom, and arc hniiid to he the same as for the NO 3 group, in nitric acid 
and in crystalline nitrates. 

/. Introduction, 

In a recent investigation on the Raman spectra of fused inorganic 
nitrates^ it was observed that the Raman lines characteristic of the nitrate 
ion appear in practically the same positions as in the spectra of aqueous 
solutioiivS of the nitrates, sngge.sting that the structure of tlie ion is the same 
in both the states. In order to iind whether other physical properties of 
the ion, as for example its magnetic and optical anisotropies, are also the 
same in fused nitrates as for the free ion in acpieous solution, we have made 
some experimental studies on light .scattering and magnetic double refraction 
of fused nitrates. The present pajjer gives a report on these studies. I'used 
zinc and cadmium nitrates were chosen for these studies, since they could 
be easily inaiiitained in super-cooled condition over a wide range of tem- 
peratures. 

2. JAfihU Scatiernig. 

(i) Polarisation of the scattered Ivjiht . — The depolarisation factor of the 
scattered light from the fused nitrates was measured by the usual method 
of Cornu with a double image pri.sm and a nicol. It is not necessary to gi^’e 
here the experimental details since thc}^ are so well known. The following 
table gives the values of the ratio, r, of the weak component to the strong 
one in the transversely scattered light, when the incident light is unpolarisecb 
The values of the depolarisation factor of scattered light from nitric acid 
of different concentrations arc given below for comparison. 

(ii) Intensity of the scattered Z/g///. — ^I'he intensity of the light scattering 
of the fused nitrates was measured by comparing it with the scattering by 
benzene at room temperature. This liquid was chosen for the comparison 

* Thattc and Ganes.'iti, fnd. Jour. Phys., 1934, 8 , 341. 

- S. Veiikatcswaran, hid. Jour. Phys., 1926, 1, 235. 
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Tawi.k I. 

Temp. °C. 

Dtpolurisalion f.iclor, r 

Zinc nitrate 

(.’.admiuni nitrate 

30 

•51 

• u 

40 

•50 

• 13 

05 

•48 

•11 

81 

• 45 

. . 

128 

•30 

•33 

140 

•31 

• 30 


Strength of acid % 

i 

M-l i 

L»8.(» 

39. 2 

lU-O 

04.7 

Y 

•30 1 

. II 

• 18 

•57 

.01 


since its absolute scattering lias been measured accurately by Cabannes and 
others. 

Tlie experimental nielhod adoiited was as follows : A strong narrow 
beam of parallel light was allowed to through a cell with plane glass 
\vindows, containing dust-free benzene. Tin* traiismitt(‘d beam was then 
allowed to ])ass through a similar vessel containing the fused nitrate. The 
tracks 'of light in the two liquids were of nearly the same cross-.section, and 
their intensities were coiii])ared with the liel]) of an Abney rotating sector. 
The cell containing the fused nitrate was tlieii rejilaced liy a similar cell 
containing dust-free benzene, and again the inten.sity was compared with 
that of the benzene in the llr.st cell, h'rom these two measurements the 
intensity of the light scattering by the fused nitrates relative to that of 
benzene is knowm. (This method naturally eliniiiiates the effects of any 
deviation from parallelism of the incident light.) 

The measured intensities were as below. Taking the transverse scatter- 
ing by benzene at 30® C. as unity, the scattering of fused zinc nitrate at C5® C. 
was 1 *18, and that of fused cadmium nitrate at 70® C. was 1 *40. 
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3. Magnetic Double Refraction, 

The fused nitrate was kept in a double-walled tube, and was heated by 
a steady stream of hot water from a thermostat, circulating between the 
two walls ; the temperature was maintained constant to within a degree. 

The magnetic double refraction was measured by the arrangement 
described in detail by Chinchalkar in a recent publication.® The double 
refraction was comjiared with tliat of pure acetone, with the help of a Rayleigh 
strained glass compensator. 

The experimental results are given in the following table. C„, denotes 
the double refraction, defined as usual by the expression 

p ^l! /n\ 

” XTP' * * * * * * ' * 


The second column in the table gives the values of C;,, measured relatively 
to that of acetone, and the third column gives the absolute values calculated 
on the assumption that for acetone 

C,,; — ‘010 times that of nitrobenzene 
-•4x10''®, for A==589 w/i. 


Zinc nitrate 

1.1 

5-6 X 10-’^ 

Cadmium nitrate 

1 1.25 

i 

5-0 X 10-'« 


7. The Optical Anisotropy of the NOg ion. 

From the scattering data given in the ])revious section, the optical 
anisotropy of the NOg group can be. calculated. In the first place it is 
known from X-ray measurements on tlie crystalline nitrates that the NOg 
group has a plane structure, with the three O atoms at the corners of an 
equilateral triangle and tlie N atom at the centre. With such a structure 
the two optical polarisabilities of NOg group in its plane should be equal 
and much greater than that along the normal to the plane. Let A — B and C 
be respectively the three polarisabilities. Let us assume that in the fused 
state the nitrate is more or less completely ionised, i.e., that the metallic 
ions, viz., Zii+‘' or Cd ‘ ‘ arc not permanently attached to NO'g. Since these 
metallic ions are isotropic, the depolarisation of the scattering will be deter- 
mined practically by the optical anisotropy of the NOg group, the metallic 
ions influencing it only indirectly through their contribution to the refractive 
index, and to the compre.ssibility of the medium. 


3 hid. Jour. Phys., 1932, 7, 491. 
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Defining as usual the optical anisotropy 8 of the NO'3 ion by the equation 



the calculation of the anisotropy is easily made, since the necessary expressions 
have been derived by the earlier workers. We have 
C) 8 

*■ " ■■ ■■ 

where v is the number of NO'3 ions per c.c., /c is the Boltzmann constant, 
T is the absolute temperature, and ^ is the com2)ressibility. All the quanti- 
ties in the above expression are known, excci)t p, which can, however, be 
obtained indirectly from the intensity of the scattered light. 

Calculating in this manner we find 

j3 -101 xl0~® per atm. for zinc nitrate 
and 121x10“® per atm. for cadmium nitrate. 

Substituting the values of the various quantities in (2), we obtain 
8 -038 for the ions in zinc nitrate 

and *03(5 for the ions in cadmium nitrate, 
from wliicli we obtain 



Thus the oi)tical polarisability along directions in the jdaiie of the NO3 
group is about twice tliat along the normal to the plane. 

5. Comparison icith Values of the Anisotropy oolained from Other Data, 

A A 

Tlie above value for the ratio "/agrees well with the value — 2-0 

b (j 

obtained from the deiiolarisation of light scattering by nitric acids of different 
concentrations.* 

It is also possilde, following the method of Bragg,® to calculate the 
anisotropy of the NO', ion from the birefringence of crystalline sodium 
nitrate, in which the NO'3 oriented ])arallel to one another and 

l)erpendicular to the trigonal axis, 'fhe ratio of the refractivity of the NO3 
ions in the crystal for light vibrations normal to the trigonal axis to that 

for vibrations along the axis is found to be 1 *07. In order to obtain ^ for 

the free NO3 ion from the above ratio, we have to correct for the influence 

^ Krishnan and Raman, Proc. Roy. Soc. (A), 1927, 115, 549. 

B W. L. Bragg, Proc. Roy. Soc. (A), 1924, 106, 346. 
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of the surrounding sodium and NO', ions in the crystal. Making this cor- 
rection we obtain 



which is nearly the same as the value obtained in the previous section. 

6. Magnetic Anisotropy of the NO3 ion. 

The Cotton-Mouton constant Cm is given by the expression 
(n^-1) (n^+2) (A^-C^) V8 



Since the value of the optical anisotropy of the NO3 group is now known, 
the above relation can be utilized to calculate the magnetic anisotropy of 
the ion, viz., (A' - C') from the known value of the Cotton-Mouton constant. 
We thus obtain 

A' — C' = 4 *4 X 10”® per gram ion for zinc nitrate 
and 4 *0 X 10“® per gram ion for cadmium nitrate. 

These values are of the same order as that obtained by Krishnan and Raman 
from the magnetic double refraction of nitric acid, viz., 5'3xl0' * per gram 
ion for nitric acid. i 

In sodium and potassium nitrates it is well known from X-ray data 
that the NO3 groups are arranged in parallel planes so that the difference 
between the principal suscei)tibilities of the crystals for directions in the 
plane of the NO3 group and along the normal to their planes should be equal 
to A' — C'. The magnetic anisotropy® for these crystals is equal to 4 -9 x 10" ® 
per gram ion. 

Thus we ftnd that both the optical and the magnetic anisotropies of the 
NO3' ion in fused crystals are practically the same as for these ions in other 
states, viz., in state of solution and in crysta-ls. 

The author wishes to rec ord his heart-felt thanks to Prof. K. S. Krislinan 
for his advice and keen intere.st in the work. 


® Krishnan, Guha and Banerjee, Phil. Trans. (A), 1933, 231, 235. 
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/. Introduction. 


In a recent paper,' the author has reviewed at some length the present 
position of our knowledge regarding the iiiagiietic properties of colloidal 
particles of metals. A few general conclusions emerge from our perusal of 
the literature on this subject. Substances like grapliite (which is not a metal) 
and bismuth (which is not a metal in the true sen.se of the term) .show a 
decrease in the diamagnetic susceptibility value on colloidalisation. The 
elegant experiments of Krishnan and (langiili- with blue graphite not merely 
confirm the effect in the ca.se of graphite but also indicate definitely 
that the direction of largest decrease of susce])tibilit 3 " on colloidalisation 
is the one parallel to the hexagonal axis. To explain the high diamagnetism 
of these elements, it was suggested by lihrcgifest® and Raman' that some 
of the valency electrons had large orbits. Such orbits could not be possible 
on the surface and hence increase of surface area by colloidalisation would 
bring about a decrease in the specific diamagnetic susceptibility. This expla- 
nation obviously implies that the particles arc much less densely packed on 
the surface than in the interior. The effect therefore of a smaller density 
of tlistribution on the surface is to de< lease the elTective specilic diamagnetic 
susceptibility of the s]>ecimen and in the case of colloidal ]>articlcs, the 
surface area is sulficiently large to decrease effectively the mean value of the 
diamagnetic suscc])tibility of the j)owder. 

In the case of good conductors like copi)er, conditions arc quite different. 
The valency electrons are considered here as free, the number of such electrons 
being of the same order as the number of atoms in the metal. Honda and 
Shiniizu® have considered this question at some length and have quantita- 
tively accounted for th.e increase of diamagnetism on cold-working. 

Due to the expansion on cold-working, there is a diminution of free elec- 
trons and hence a decrease in the paramagnetic conqionent due to them. 
According to Pauli,® this decrease 8 xi given by 




where C^2 -‘Jl x 10“**, h -^thc lyoschmklt number, W -=the atomic 


weight, /)=the density, and a --the number of free electrons per atom. 
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At the same time there should be an increase in the diamagnetic compo- 
nent due to the increase in the number of bound electrons, since on expansion 
some of the otherwise free electrons get associated with atoms. Somriier- 
feld" has determined this increase 8 X 2 as 


8X2 


3-1x1 -aixio-^ 
W 


T“'” 


(ii) 


where 


8 a — 


/ Jtt 

3 V 3M J 


P 


in which A— 2-261 X 10"^^ and M=mass of the atom, as calculated by 
Honda, Nishiiia and Hirone.’^ The total change in the suscei)tibility is given 


by 8 ;^ = 8 ;(i h 8 ^ 2 - 


The net efTect of cold-working is consequently to increase the dia- 
magnetic susceptibility and this is exactly the result of the observations 
of Honda and Shimizu. 


They have more recently® drawn attention to the close relations between 
colloidalisation and cold-working in metals. They explain that in the case 
of tin, the lattice constant is a little larger in the surface layer than in the 
interior, the normal value for tlie metal being reached at some hunderd layers 
below the surface. Thus cokoidalisation should bring about increased dia- 
magnetism quite similar to what is obtained in the case of cold-working. 
This was exactly the observation made by the writer. 

The obvious interest aroused by this investigation led the author to under- 
take an inquiry into the l)ehaviour of copper. Copper is of particular interest 
since it is a typical metal being a good conductor of electricity. Honda and 
Shimizu have investigated the effect of cold-working on tliis element and 
shown that there is an increased dianiagnetisin if the nece.ssary corrections 
are made for the presence of fcrroniagjictic impurities. Copper crystallises 
in the cubic system with a face-centred struccufe, the side of the elementar\' 
cube being 3 -597 A.U.^® Any directional variations are thus out of questiem. 


2. Experiment, 

(a) Purity of the specimen, -The specimens of copper used were in 
the form of rods 5 mm. diainetCi, obtained from Adam Hilger. They were 
the purest available and had been subjected to a thorough chemical and 
spectro.scopic examination. Hilger \s report gave the following impurities 
in the specimen. 


Iron 
Nickel 
Tin .. 
I/ead 
Bismuth 


0-0041% 

0-0004%' 

0-0005% 

0-0004% 

Trace. 
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Thallium 

Trace. 

Calcium 

0-0005% 

Magnesium 

0-0001% 

Zinc 

Trace. 

Oxygen 

0 -030% 

Total Impurities . . 

0 -036% 


The amount of copper present in the specimen was thus 99 *964% which 
should be regarded as more than sufficient for our pur])oses. The question of 
the presence of ferromagnetic impurities will be considered later. 



FIG. 1. 

(6) Preparation of the colloidal powders.— apparatus^^ used for 
colloidalisation is shown in iMg. 1. Two lengths of copper q and were 
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cut to be about 2 cms. each and attached to two stout copper leads, such 
that the free ends faced each other. A gap of about 1 mm. was left as 
the sparking distance between the ends. After thoroughly cleaning the 
tube, pumping out, warming and drying, the sparking tube was filled with 
normal propyl alcohol or benzene. The tube was connected once again to 
the pump and after bringing down the pressure to the lowest obtainable, 
sparking was allowed to take place by connecting the leads to the secondary 
of an induction coil. The sparking currents were kept low, 2 to 8 milli- 
anipcres to minimize the heat produced ; and the time of sparking ranged 
from 1 to about li hours. 

The coarser particles were then allowed to settle for about an hour and 
the pump connection was now sealed off. The clear liquid was then allowed 
to flow in Ti till it was nearly full and the tube was next scaled off at the 
constriction drawn at A^. Thus the liquid was allowed to fill successively 
the tubes T^ and T3, each tube being sealed off after filling. 

The particles in these tubes were next allowed to settle by gravitation 
or were centrifuged. They were then filed a bit at the top and were broken 
open in vacuum. I'he liquid was drained off and by placing the entire tube 
in a heater, the remaining liquid was evaporated. The small bulbs were 
then sealed off. 

After observing the magnetic deflections, the bulbs w'crc broken open 
and the size of the particles determined with a high i)owcr inicrosco])e having 
an eye-piece scale which was calibrated by observing the lines of a diffrac- 
tion transmission grating. The particles Avere mixed with a little ])ro])yl 
alcohol as otherwise they appeared in clusters in the field of view. 

The gla.ss bulbs were cleaned thoroughly with warm dilute nitric acid 
and then Avith hot distilled water and dried The magnetic deflections were 
next observed for the bulbs alone. • 

111 all cases the bulbs were weighed before and after removing the copper 
particles. The masses of the powders varied from about 10 to 40 mg., 
the error in weighing being less than O-l mg. 

{c) Measurements of the susceptibility . — The Curie method was adopted 
to determine the specific susceptibilities of j)owders. Full details of this 
method and the calculation of results are given in an earlier paper. 

3. Results. 

(a) Mass metal . — Small chips of copjier were cut and pickled thoroughly 
with hydrochloric acid. They were then washed and dried. Several sanijfles 
were investigated and the results for a few specimens at infinite field strengths 
are given below. 
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Tahle I. 

! 

Sample No. 

Mas» in gram.s 

Diamapinetic 
.suscepti hiliiy x 

1 

0-l'2;i5 

0-0805 

2 

0-1872 

0-0803 

3 

0-2178 

0*0708 

4 

0-1090 

0-0800 

5 

0-2020 

0-0790 

0 

0-1993 

0-0707 

7 

0-2101 

0-0708 

The results give for cojiper in bulk a mean specific diamagnetic suscepti- 


bility of 0 -OSO. This value compares favourably with those of other investi- 
gators given below. • 

Tabi^k it. 


Investigator 

Diam.ignetic 
su.--cei)til)ility X 

M. Oweid® 

0-085 

K. ITonda’* . . ^ . . 

0-086 

St. Meyer^^ 

0-071 

Koenigsberger^''^ 

0-088 

Honda and Shimizu^* . . 

0-0818 

Autlioi"*'* 

0-080 


The susceptibility of the specimens was determined at different field 
strengths. According to Honda, 

, ism 

Xi X/> “1“ j 

where xp is the specific susceptibility of tlie pure sample, Xi correspond- 
ing value for the impure s])ecimen and a and m the specific intensity of magneti- 
sation and mass of the ferromagnetic impurity present in unit mass of the 
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The susceptibility increases slightly as the particle diameter decreases to 
0'8/x. The value increases more rapidly at smaller particle sizes attaining 
0*135 at the smallest diameter obtained in this investigation, 0*4^. The 
critical diameter below which a large increase in the susceptibility occurs 
is 0*8 jit. This is much smaller than tlie corresponding values for 
bismuth^® (l*4jLt), graphite^® (i‘b/>t) and tin*' (2*0/x). 

It will also be noticed that the diamagnetic susceptibility depends only 
on the dimensions of the particles and not on the nature of the dispersing 
medium— benzene or propyl alcohol. 

I'ig. 4 shows the X, ^ curves for a few of the powders indicated. 
A j)oint of great importance emerges from a scrutiny of the grajdis. The 



Fia. 4. 

slopes of the straight lines are nearly the same, indicating that the ferro- 
magnetic impurity occurs in the same state in all the powders investigated 
or that colloidalisation is not accompanied by any separation of the iron 
content causing spurious effects to enter into the magnetic measurements. 

(c) Heating the powders . — A full description of the heating arrangement 
has been given in an earlier paper. Bits of copper and a few of the colloidal 
samples were heated and at each temperature for any specimen, the suscepti- 
bility at different field strengths was determined. It was found that the 
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diamagnetic susceptibility extrapolated to infinite field strengths was the 
same for any specimen at tcmiieraturcs ranging from 30‘' C. to 350” C. Ilcat- 
ing did not also change the slope of the curves, indicating that 

the nature of the iron content was the same at all temperatures investigated. 

4. Discussion. 

We shall first consider the possibility of impurities giving rise to increased 
diamagnetism on colloidalisation. A reference^*^ to the values of the suscei^ti- 
bilities of copper compounds indicates that the ordinary com])ounds of cojiper 
are either feebly paramagnetic or less diamagnetic than the metal. iMirther 
it has already been pointed out that the susceptibility of the colloidal powders 
depends only on the dimensions of the jiarticles and not on the nature of the 
liquid in which colloidalisation is effected. It is thus mo.st probable that 
the increase of diamagnetism with decreasing particle size is a genuine effect. 
This observation receives eonlirniation from the experiments of Honda and 
Shimizu on the effect of cold-working on the snsce[>tibility of copp* r. 

It was mentioned in section I that these authors observ'cd a small increase 
of dianiaguetism wlien copper was subjected to (‘old- working. The six*cific 
diamagnetic susceptibility changed from 0*8'I.S to 0-920 (an increa.se of 
0*078) as the density of the metal diminished from 8-9521 to 8-6040. On 
the basis of c(|uations (1), (2) and (3)> the calculated value of S X for this 
change of density works to O-OOJ, which agrees very well with the o!).served 
value. 

Honda and Shimizu have suggested tliat in the c.ise of colloidal powders, 
the lattice constant is a little greater in the .surface layer than in the 
interior, the iiornial value for the metal being reached at some hundred layers 
below the surface. Thus C()lloidalisati(^n slumld be accompanied by increased 
diamagnetism quite similar to what is obtained in the case of cold-working. 
This is in accord with experiment. 

The results with colloidal powders do not seem to lend themselves to a 
straight calculation of the susceptibility of the surface layer and its thickness. 
However by trial, it w’as found that the results fitted closely with the 
calculated values assuming the thickness of the surface layer to be 0-03/i 
and its diamagnetic susceptibility 0-200. In fact in I'ig. 3, the continuous 
line has been drawn to give the results calculated on the basis of these 
assumptions and it is found that the ])oints plot themselves near the lino. 

The surface layer thus seems to be about 300 A.U. thick and hence 
contains nearly 80 atomic layers. 

It follows from (1), (2) and (3) that 

8x=K8p 


A4 


V 
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where K is a constant for any given metal, i,e., that the change in the 
susceptibility is directly proportional to the change in density. On calcula- 
tion, it is found that K --0 -‘2220 x 10"® for copi)er. If the surface layer 
has a specific diamagnetic snsceiitibility of ()*20(), Ihen 8X ^O'12() which 
gives for hp a value of 0'539. vSiiicc the density of the mass copper was 
found to be that of the surface layer should be 8*404. It would 

be of interest to check this result by direct experiment but no density 
measurements seem to have been obtained so far with colloidal powders. 

There is however one experimental fact which lends support to the view 
that the density of the superlicial layer is less tlian the density of the mass 
metal. It is obvious that the lattice constant should be larger at the surface 
than in the interior. To investigate the surface layers, the recent electron 
diffraction experiments have come in very handy, (k P. Thomson^® studied 
the surfaces of metallic single crystals by the electron rejection method. 
In these experiments only a few atomic layers are concerned. He deiiosited 
copper elcctrolytically on tlie etched surface of a copjier crystal and dis- 
covered by electron diffraction methods that the spacing of part at least 
of the deposit was larger than that of normal copi)er, though the structure 
was roughly similar. The deposit was ])robably in the form of very minute 
cry.stals on the coj)])er base and the.se gave ri.se to the new si^icing pre.sunia- 
bly because of tJieir smaller densily. In fact the spacing in certain cases 
was found to be 1*5 A.U. while that of ordinary coi)i)er is 3*597 A.U. 

5. Summiuy. 

Colloidal cop]H'r was prepared by an electrical dispersion method, the 
dispensing medium being benzene or propyl alcohol. The particles were 
prevented from coming into contact with air by conducting the dispersing 
and centrifuging experiment in vacuo. The (lianiagiietic .susce])libility (X) 
of the .samples was determined by a .sensitive Curie method. Tlie value 
for co])per cn masse was found to be ()«()80. The X value increased as the 
size of the particles was reduced, the critical diameter below which large 
cJiaiige.s occurred being 0*8/x. 

Honda and Shimizu have .shown that cold-working in tlie case of copper 
gives rise to incrca.sed diamagnetism. They have pointed out that due to the 
expan.sion on cold-working of the metal, there is a decrease in the jiara- 
magnetic component due to the diminution of free electrons and an increase 
in the diamagnetic component due to the increased number of bound electrons. 
They explain that the lattice constant is a little greater in the surface layer 
than in the interior and suggest the analogy between cold-working and 
colloidalisatioii. These conclusions are verified in the case of copper. The 
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thickness of the surf ace layer appears to be about 300 A. U. and its diamagne- 
tic susceptibility” 0*200. On the basis of the theory” of Honda and Shimizu, 
we obtain for the density” of the superficial lay^er a value of 8*404 as against 
8*943 for the mass metal. Attention is drawn to the experimental work of 
Thomson on electron diffraction from electrolytic copper, wherein larger 
lattice constants were obtained for surface lay^crs. 
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/. Introduction. 

Bha(;avantam' inveslij^atcd the Raman eJTcct with \'ellow phosplionts 
in tlie solid state iisiii.t; the green and yellow radiations of the inerenr}' arc 
as the exciting lines. He gives the eharaeteri.slie frecjnencies as 007 (0), 
4 OS (:^) and 1374 (!) ; the ligiires in the brackets being the intensities as re- 
corded with the A. IJ. excitation. He has discussed his results theore- 
tically,'* considering tin* two alternate forms for the tetra-atomic molecule, 
namely, that of a sf|iiare and f)f a tetrahedron respectively. The former 
model would give four differe nt fre(jnencies of oscillation, while the tetrahedron 
would give three fre([ueucies. Accordingly, the experimental results are 
regarded as supporting tlic, tetrahedral model for which is in agreement 
with the fact that the yellow phosphorus crystallises in the cubic system. “ 
Por the particular law of forces adopted, the frociuencies should have the 
ratio 2 : v'2 ^ 1 I the fac't that the oljserved frecpiencies dex iale from this 
ratio is regarded as indicating that llu' force sy.stem in the molecule is more 
complicated than that assumed. In the prc'^ent pa])er the Raman spectrum 
of yellow phosphorus has biren critically .‘^tudie<l with the substance in four 
different .states: (1) vapour, (:-) licjuid, .solid and (I) solution in carbon 
disulphide. Such a comjnirativc .study is i.\idently of interest in order to 
ascertain the inlliience of the .state of aggn'galion on the iharact(*ri.stic fre- 
quencies ol the molecules, and has .<o far Ihxmi made in the ca.se of very few 
substances. In the present iiivestigalioii, ^-niie additional bands have been 
recorded l)esides those reported by l>naga\anlam and a small shift has been 
ob.served in the frequency of the most intense line as we |)a.ss from the solid 
to the liquid and to vapour. 

2. Kx peri menial Arrani^emenis and Results. 

The experimental arrangements were the same as those described in 
the previous comiminicatioiis of the author* in these Proceedings. Small 

* Uliai'avantani, S., 1ml. Jour. Phys., 1930, 5, 35. 

S., I mi. Jour. Phys.. 1930, 5, 73. 

Xatta and Passcrini, Nature, 1930, 125, 707. 

•* W*nkateswaraii, C. S., Proc. I ml. .Acad. Sci_^ 1935, 1, 850. 
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transparent pieces of ^a'llow ])hosphoriis were kept iiuinersed in distilled 
water and exi)osed in the vertical tube, the solid being kept at tlie room 
temperature b\' the circulation of cold water in an outer jacket siirroiiiidiiig 
the experimental tube. Iyi(]iiid jdiosidiorus was formed by the heating of 
the yellow crystals contained in an evacuated tube, by the heat of the mercury 
arc itself. The solution in carbon disul])hide was i)repared l)y dissolving 
clean pieces of yellow phosphorus in freshly distilled carbon disul])liidc con- 
tained in a closed tube during ex])osure. The arrangement for the vapour 
is shown in I'ig. 1. A few bits of phosphorus were contained in a thick- 

c 


Fin. 1. T -Tube, F Furn.ue, .-\ -.Vpeiluro, C--C.'ap. 

walled pyrex tube, wliicli was evacuati^l, rendered moisture free, and sealed 
olT. The tube was sn|.)port(*d verlically as illustrated, inside another tube 
over which nichronie wire wasVound in order to serve as an electric furnace. 
A few additional turns of healing coil at the lower end of the furnace prevented 
the condensation of the va])Our in the bottom of the tube. Once the phos- 
phorus was vaporised, it w^as found necessary to keep the tein|)eralure high 
enough in order to prevent the fornialion of red jiliosphorus. With a 
current of about 4-5 am])eres in the heating coil, the temperature inside the 
tube remained almost st(*ad}’ at loO' C. A series of apertures were used 
on the observation side so that the rcllcction from the walls of the tube was 
completely eliminated. 

The time of ex]josure was four hours for the solid, twelve hours for the 
liquid and the solution and six days for the va])Our at a j)res.snre of about 
15 atmospheres. The .spectrograms were measured with a Hilger Cross-Slide 
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Micrometer in comparison with an iron arc spectrum which was recorded 
in the centre of every plate. 

Tabi,e I. 


Solid Phosphorus {Temperature 30“ C.). 



Kaman lines 



Exciting line 



Av 

Intensity 

A 

V 

in cm. 



6790-5 
(v = 17265) 

6000-0 

16662 

603 

3 


5050.6 

16800 

465 

1 

5700.0 
(v>- 17328) 

5077.5 

10725 

003 

3 


5928-3 

10804 

104 

1 

5400-7 

. (v = 18308) 1 

5010.0 

1770G 

602* 

8 

>> 

5002*2 

17845 

463 

4 

11 

5573.3 

17038 

370(n 

0 

4358.3 
(v = 22038) 

1170.0 

22335 

003 

2 

)) 

4417-0 

32177 

101 

1 


* This line is followed by an unresolved wing. 

Tabuv II. 

Liquid Phosphorus (Temperature 75” C.). 


Exciting line 

Kaman 

-1 

1 

; lines 

A V 
in cm. 

Intensity 

A 

1 

V 

5700.5 

6001-5 

10050 

006 

6 

11 

5051.6 

10800 

405 

3 

5700-6 

5070-0 

16720 

006 

6 

11 

5028-6 

16863 

165 

3 

5400.7 

5647.4 

17702 

606 

8 

11 

5602-5 

17844 

464 

4 
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Table III. 


Phosphorus Vapour (Temperature 

450“ C.). 


Kaniaii lines 

Al- 
in ini.’^ 


Exciting line 

A j 

V 

Intensity 

51G().7 

5G19.5 

[ 1709l> 

012 

3 

n 

5003-0 

i 

1 

17813 

i j 

405 

(dilVuse) 

1 


Tabu 

: IV. 




Solution in CS., (o2^o). 




1 Raman lines I 

Av 


K.xciling line 



Intensity 

A 

1 R 

in cm."* 

51G0.7 

500 1 

17050, 

(»5S 

j 

3 

n 

50 19 

17(i97 

1 

Oil 

8 


5003 

ITS 13 

105 

3 


Tn addition to the lines tabulated above, a strong niioreseeiit band has also 
been recorded in all the four plates with its centre at trlOO A. IJ. and extending 
from A. U. to OooO a. U., which is evidently due to the phosphorus 
itself. The strong line at OO’i in the ^olid is accompanied by a faint wing to 
the red side, wliicli would probably resolve into a com])aiiion line at higher 
dispersions. The faint line at :174 reported by lihagavantam'* has apj)carcd 
only as a faint darkening on the plates of the solid and the liquid and the 
author is, hence, unable to conlirm the reality of that line. 

The inlluence of change of state on the Raman lines is not shown to any 
marked extent. The line at (Kl2 in the solid is shifted slightly towards a 
higher frequency while passing from the solid to the li(iuid and hence to the 
vapour, the variation in fre(iuency being of the order of four wave-numbers 
from the solid to the li(iuid and six wave-numbers from the liquid to the 
vapour. The shift remains almost the same in the two states of the vapour 
and the solution. The line at 4()l appears unshifted in all the four states ; 


5 Bhagavaiitam, S., Loc. c\t. 
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but in the case of vapour it has become slightly more diffuse. Only small 
variations in the frequency have been observed in the past in the case of the 
non-polar compounds like Ha or Oa,* while the polar molecules like hydro- 
chloric acid^ give in general large shifts. In the case of suli)hur, the author* 
has not been able to observe any change in the frefpiencies from the solid 
to the molten conditions. Hence we are led to conclude that the small 
shifts observed in phosphorus while passing from the solid to the vapour 
are only such as could be accounted for by the Ivorcntz-I^orentz forces and 
shows that the P 4 molecule is non-polar. It may also be of interest to men- 
tion that though the frequency shifts in the vapour and solution are almost 
identical, the si)ectrum of carbon disulphide itself is com para tiv el}' feeble. 

In conclusion the author wishes to thank Prof. Sir C. V. Paman for his 
kind interest in the work. 

Summitry. 

The Raniaii spectrum of yellow phosphorus as vapour, liquid, solid, 
and solution in carlum disulphide has been obtained. Only small changes 
in fvei|uency are observed while ])assing from solid to licpiid and to vapour, 
indicating the noii-i)olar character of the molecule. The spectrum of carbon 
disul[)liide is rendered weak ;dlhough tlie si)ectrum of phosphorus in solu- 
tion conies out strongly. A strong lluore.scent band extending from (>230 
A. U. t() (1550 A.U. has also been recorded in all cases. 


® Kohlrausch, Dcr Smekal- Raman Effect, 1931, p. 126. 

'* Callihaii and Salaiit. Jour.'Chcm. Rhys., 1934, 2, 317. 

8 V'ciikatc.swaran, C. S., Rroc. Itid. Acad. Set., 1934, 1, 120. 
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Introduction. 

In connection with a s^^stcniatic study which is being made in these 
laboratories on the kinetics of heterogenous organic reactions* we liave 
investigated the reaction between solid silver nitrate and benzyl chloride 
in the absence of all solvents and diluents. No ])revious work of this type 
appears to have been carried out on the reaction. Burke and Donnan® 
(1904), Donnan and Potts’ (1910) and Senter^ ( 1^910) investigated the reaction 
between silver nitrate and alkyl iodides in alcoholic and aqueous alcoholic 
solutions and have found the reaction to be conqdicated by the presence of 
the solvent. 

M uteri ah Used. 

Silver Nitrate. — Kxperinieiils were carried out with Kahlbaum’s “jnirest 
for analysis”, Merck's “pure.st guaranteed reagent”, and Johnson's “double 
crystallized" silver nitrate. It was found that all these different samples 
gave results agreeing within the experwnental error. To ol)tain reproducible 
results, it was essential to have the particles of silver nitrate of average 
uniform size. This was accoifiplished in the following way : — 

vSilver nitrate was ground in a pestle and mortar in dim diffused light, 
and then sieved through a silk cloth of fine mesh 'to remove small particles, 
and then through a slightly bigger mesh. What passed through the second 
mesh was collected. The particles were examined under a niicro.scope and 
the sieving repeated until they were of an average uniform size, and gave 
a standard rate of reaction under standard conditions. The standard reaction 
for medium size particles was : — 

1 J. Phys. Chem., 1935. 39. 727, 901, 907. 

/. C. S., 1904, 85. 555. 

3 J. C. S., 1910, 97, 1882. 

4 /. C*. 1910, 97, 346. 
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Temperature 

licnzyl chloride 

'rime of reaction 

Initial silver nitrate 

Silver nitrate 
reacting 

35 ‘’(.'.±1° 

5 c.c. 

10 mts. 

2 gin. 

1.85±.05 


The sieving cloths and the process of sieving were standardized before 
beginning the set of experiments. 


Three different sizes of particles denoted “vSniall”, “Medium** and “Large** 
were employed. No difficulty was experienced in preparing fresh samples 
of the sizes. 


It was observed that the presence of moisture considerably inhibits the 
reaction (see Fig. 4). Hence the samples of silver nitrate were kept in the 



Small size 

S 

Medium size 

M 

Largct size 

L 

Mesh of fine sieve . . 

L 0-019 cm. 

L 0 -028 cm. 

L 0 -018 cm. 


B 0 -017 em. 

B 0 -021 cm. 

B 0 -037 cm. 

Mesh of coarse sieve • 

L 0-023 cm. 

L 0-031 cm. 

li 0-057 cm. 


B 0-017 ein. 

B 0 -020 cm. 

B 0 -010 cm. 

Average weight of a 
particle 

1 -1216 X 10 ® gm. 

1 -272 X 10^® gm. 

l-ll.5xl0-*gm 

Number of particles 
per grn. 

82103 * 

23 107 

2412 

Average volume of a 
particle 

2-79r)Xl0-“c.C. 

9 -82 X 1.0-* C.C. 

9-53 xlO-^c.o. 

Average dimensions 
of a particle 

L 0-031 cm. 

1 

1 

Ij 0-018 cm. 

L 0 -093 cm. 


BO -019 cm. 

B 0 -03 cm. 

B 0-055 cm. 


T 0-0047* cm. 

T 0 -00682 cm. 

T 0 -0186 cm. 

.Average surface area 
of a particle 

0-00165 sq.cm. 

0 -00304 sq. cm. 

0-0158 sq. cm. 

Surface area of one 
gm. 

136 sq. em. 

92 -2 sq. cm. 

38 sq. cm. 
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dark, in a desiccator over phosphorus pentoxide. At intervals the reaction 
velocities of these samples were checked in standard experiments. 

The sizes of the meshes of different cloths, and the sizes and surface 
area of particles arc given in the above table. 

The average surface area of a particle was determined as follows : — 

A fraction of a gram of the particles was weighed and the number of 
particles was counted. Trom this, the average weight of a particle and the 
number of particles per gram were calculated. Then about fifty i)articles 
were examined under a microscope. The shape of all these three types was 
observed to be cuboid. The length and breadth of each particle was measur- 
ed under the microscope by means of a standard scale placed in the eye- 
piece. From this the average length 1/ and the average breadth B of each 
particle were calculated. I'rom the average w^eight of each particle, and the 
density of silver nitrate (4 -.‘ID), the volume of each j)article was determined. 
Hence from the knowledge of the volume and 1/ and B, the average thickness 
T of each particle was calculated. The surface area was calculated from the 
formula 2(1^ x B +L X T + B x T) . 

Benzyl Chloride . — Kahlbaunfs benzyl chloride “ purest was used 
throughout the set of experiments. Its pro\)erties were not altered by 
fractionation under reduced pressure. The standard rate of reaction of a 
sample of benzyl chloride decreases on keeping for some weeks. The effect 
is marked with smaller amounts (less than one gram) of silver nitrate, where 
the impurity in the benzyl chloride is relatively more im])ortant. The 
decrease is probably due to the hygroscopic nature of benzyl chloride. 
Accordingly, it w^as ])reserved in small lots in amber-coloured bottles under 
anhydrous conditions. , 

Kxperimenfid M elhoda. 

Benzyl chloride was meiisured by means of a burette, protected from 
moisture, into a small conical flask. It was confirmed that Jena-glass bottles 
gave the same result. A thermometer w'as fixed through the cork, and the 
flask was covered with black paper and was kept in an air thermostat adjusted 
to 35‘*± •2°C. 

When the bottle attained the required initial temperature, sieved silver 
nitrate previously weighed in a weighing bottle and kept in a desiccator was 
added and the stop-watch started. The bottle was .shaken by hand to mix the 
reactants thoroughly- -this shaking is necessary— and it was then placed 
on the shaker which was also fixed in the thermostat, and the latter was 
started. The speed of rotation of the shaker was kept constant by means 
of a rheostat in the circuit of the motor. It was confirmed that variation of 
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speed of shaking between 75 and 180 revolutions per minute did not affect 
the rate of reaction (see Tables IV and V). 

After a definite interval of time, the bottle was removed from the shaker, 
the temperature was read and the silver salts were rapidly filtered through a 
gooch crucible and washed free from benzyl chloride with dry ether or 
acetone. Tlie receiver was then changed and the residual silver nitrate 
w'as washed down with distilled water. This washing was titrated with 
standard ammonium thiocyanate. In this w^ay the amount of silver 
nitrate unused was obtained. This minus the initial amount gave the silver 
nitrate used. 

In some cx])erinients the results were checked ])y gravimetric estimation 
of the residual silver chloride. The volumetric and gravimetric results agreed 
excellently. 

Tabijo I. 

Small Size rariides. 


AgNO;, 

iniluil 

Kon/yl 

rliloride 

i 

Time 

1 

'I'LMlip. 

1 viiOal 

'reiiip. 

fitial 

AgNO, 

left 

AgNO, 

used 

K 

gni. 

e.o. 

nits. 

1 

'■C. 

“C. 

gni. 

gni. 


1 

5 

3 

34 

35 

0 •:iH7 

0.013 

0.0020 

1 

5 

5 

34 

35 -3 

0 -Ls 

0 *82 

0 .0019 

1 

5 

7 

34 

35 -5 

0 

0.067 

0 .0021 

1 

20 

3 

31 

o5 

0 .104 

0 .596 

0.0019 

1 

20 

5 

34 

35 

j 

.O-lOl 

0 .806 

0 .0019 

1 

20 

7 

34 

35 .3 : 

0-072 

0.928 

0.0018 

3 

5 

3 

33 

37 *5 

; 0-73 

2-27 

0.0027 

3 

5 

i 5 

33 

35.5 1 

! 0-30 

3.70 

0 .0025 

3 

1 

5 1 

1 

1 

7 

33 

37 

0-04 

2.90 

0 .0024 

3 

20 

3 

31 

36 

1 .065 

i .935 

0 .0021 

3 

20 

5 

34 

36 

0-27 

2.73 

0.0024 

3 

20 

1 

7 

34 

35 -5 

0 -065 

2. 935 

0 .0023 
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Control of Reaction Temperature. 

The reaction is exothermic and with the larger amounts of silver nitrate 
the rise in temperature is marked. As the heat of combustion of benzyl 
nitrate has not been determined, the heat change in the reaction cannot be 
calculated. 

After a number of experiments it was found that by starting a little below 
35® C. and by adjusting a wet cloth of suitable dimensions around or at the 
bottom of the bottle it was usually possible t^» kee]) the average temperature 
of the reaction close to 35'" C. The degree of the wetness of the cloth and the 
extent to which the bottle was covered with it for different sy.stems was deter- 
mined in preliminary exj^eriments. It was confirmed that the reaction is not 
sensitive to small temperature variations. 

Experimental Results and Discussion. 

Tahmc it. 

Medium Size Tart ides. 


AgNO, 

initial 

n»*iizyl 

chloridn 

'liim; 

'I’cmp. 

initial 

'I'emp. 

final 

AgNO, 

left 

AgNO, 

used 

K 

gm. 

c.c. 

mts. 


°0. 

grn. 

• 

gm. 


1. 

1 5 

2 -5 

35 

35 .7 

j 

0 -60 

O-IO 

0 .0020 

1 

5 

5 

35 

34 

0 -32 

0*68 

0 0020 

t 

5 

7.5 

35 

37 

0.164 

0 .830 

0 •0020 

1 

5 

10 

35 

36 

0 07 

0 .93 

0 .0019 

1 

10 

2-5 

35 

3(5 -ft 

. 

0.62 

0.38 

0.0019 

1 

1.0 

5 

35 

3i-5 

0.37 

0.03 

0 .0018 

1. 

10 

7-5 

35 

35 

0.19 

0.81 

0 .0018 

1 

10 

10 

35 

35 .3 

0-07 

0.93 

0.0019 


20 

2-5 

35 

35 

0.05 

0 .35 

0 .0017 

1 

20 

5 

35 

35.6 

0.352 

0 .048 

0 .0019 

1 

20 

7-5 

35 

35 .6 

0.144 

1 

0 .850 

0 -0020 

.1 

20 

10 

35 

37 

0.07 

0.93 

0.0019 

2 

5 

2-5 

34 

37 

1.19 

0.81 

0-0020 

2 

5 

5 

34 

1 

37 

i 

0*66 

1.34 

0 .0020 
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TABI.E IT — (Contd.) 
Medium Size Particles. 
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Tablk hi. 

Lar^e Size Pariiclcs. 


ArNO, 

initial 

Benzyl 

chloride 

Time 

'I'emp. 

initial 

Temp. 

hiiai 

AKNO3 

left 

! ArNOs 
' used 

K 

gin. 

C.C. 

mts. 

“ 0 . 

T. 

gm. 

gm. 


1 

5 

5 

34 

35 

0-078 

0-322 

0 -0020 

1 

5 

15 

31 

3G 

0-24 

0-70 

0-0020 

1 

5 

25 

34 

35-7 

0-006 

0 -001 

0-0017 

1 

20 

5 

35 

35 

0 -078 

0 •:J22 

0 .0020 

1 

20 

15 

35 

33 .5 

0 -271 

0 .726 

0-0018 

1. 

20 

20 

35 

34 

0-15 

0 -85 

o-ooid 

1 

20 

25 

35 

35 .2 

0-090 

0-901 

0.0017 

3 

5 

5 

31 

35 

2 -08 

0-92 

0.0018 

3 

5 

15 

31 

35 -5 

*0 -078 

2 -322 

0.0021 

3 

5 

20 

34 

35 

0 -40 

2 -51 

0.0018 

3 

5 

25 

34 

34 

0 -323 

2-077 

0.0016 

3 

20 

5 

31 

33 .0 

2-10 

0-00 

0.0018 

3 

20 

15 

31 

35 -5 

0-054 

2 -3 10 

0 .0021 

3 

20 

25 

31 

*33.5 

1 0 -180 

2 -811 

0.0019 


Tables I, II, III, and Mgs. 1, 2 and 3 give tlie results of the experi- 
ments. It will be seen that the rate of the reaction is independent of the 
initial amount of benzyl chloride. That is to say, if we take two grams 
of silver nitrate, it matters not as far as the rate of reaction is concerned 
whether we start with 5 c.c., lOc.c. or 20 c.c. of benzyl chloride. This 
is a striking result, since with smaller amounts of benzyl chloride, the con- 
centration of benzyl nitrate in theliciuid reaction mixture increases rapidly. 
One would expect therefore the rate of reaction to fall off more quickly than 
with larger initial quantities of benzyl chloride. 

We can explain this result by assuming that benzyl chloride is adsorbed 
on the surface of the silver nitrate crystals, and that the amount of adsorption 
does not depend greatly on the concentration of benzyl chloride in the 
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mixture. There is therefore alwaj’s a constant concentration of benzyl 
chloride on the silver nitrate surface, and the rate of reaction is consequently 
proportional to the surface of silver nitrate present, so that during an experi- 
ment the interface between silver nitrate and silver chloride will travel inwards 
through the crystal at a constant linear rate. 



1. Small Size AgNU;. IVrticles. 

Btnzyl Chloride + ArNOs 
O 5 c.c. I 1 & 3 gms. 

0 20 i\c. + 

X Calculated from K = 0*002 

This type of reaction has been found by Spencer and Topley® (1929), to 
apply to the decoinpositioii of silver carbonate. They point out that an 
equation of the type deduced below applies strictly only to particles of uni- 
form size, but is approximately true as an average xesult when factors such 


B J. C. S., 1929, 2633. 
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Henzyl (’hloiic'K -| AgNO.i 
O « c.r. -f 1 , 2 & 3 gms . 

A • 10 C.C. + „ 

B 20 C.C. -I- 

X Calculated from K — 0*002 

as irregular shape anti different reaction rates ])arallcl to different crystal axis 
are averaged over the large number of particles contained in the reactive 
material. They also point out that reactants can be assumed to pass to 
and from the crystal interface by means of micro-lissures in the crystals. 

With substances with large molecules such as benzyl chloride and benzyl 
nitrate this hypothesis is not so probable. On the other hand the silver 
chloride formed around the silver nitrate particles may have a loose ])orous 
form, that is to say, a continuous crystal lattice is not formed but rather an 
agglomeration of particles. 

A6 


p 
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KIG. 3. Larg(; Size I’arlicles. 

Ucnjryl (.'hloikle -r AgNOn 
O 5 r.r. I l^iS: 3 gnis, 

® 20 c.c. + „ 

X Calculated from K— 0»002 

It must also be enij)lia.siscd that while in many liqtiid ])hase heterogeneous 
reactions, the chemical effect is obscured by conditions of physical transport, 
yet in many other instances the chemical effect predominates. Roller® ( 1985 ) 
cites a number of reactions in which diffusion does not play a part, e.f;., 
Schmidt and Durau’ ( 1924 ) showed that the rate of solution of glass in alkali 
is independent of the rate of stirring, and the concentration of alkali, but 
depends on the surface of the glass exposed. In our experiments the con- 

6 y. Phys. Chem., 1935, 39. 221. 

^ Z. Phys. Chem., 1924, 108, 128. 
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centration of benzyl chloride in the reacting medium is always high being 
never less than C0% by weight. This maj’ tend to minimise diffusion effects, 
since there are always a large number of molecules near the reacting surface. 

The real test of the hypothesis, however, is to examine how far the 
corresponding kinetic equation can reproduce the experimental results. 

We deduce the kinetic equation as follows ; — 


Let A be the intial amount of silver nitrate in gms. and let X be the 
amount left at a time /. Let K be the number of gms. of silver nitrate 
reacting per sq. cm. of silver nitrate surface per second. Let 8 be the 
surface in sq. crus, of one gni. of the silver nitrate initially used. 


Now if the silver nitrate particles be taken on an average to be spheres 
of the calculated surface area, the surface of the X gm. remaining after time 
t will be equal to 

(^A)X^_5 f 

Tt 

Hence 


=ksa-^ 

(it 

KSA^X'^ 


(1) 

( 2 ) 



The values of K calculated from (4) are shown in Tables I, II and III 
and the constancy of the values indicates the gcmeral correctness of the 
assumed mechanism. A more stringent test is to use (4) to calculate the 
experimental results. 

Examination of all experimental results indicate that K has an 
average value of 0‘0()2. Hence as the small size (S) of silver nitrate used 
has a surface area per gm. of 13G sq. cm. we have for this sample the 
kinetic equation 
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For the medium size (M) with the surface area iier gm. of 92 -2 sq. cm. 
we have 


0-002 = 



( 6 ) 


And for the large size {h) with the surface area per gm. of 38 sq. cm. 


0-002 



( 7 ) 


From (5), (0) and (7), X has been calculated for various values of and 
the results are shown by full lines in Figs. I, 2 and 3. 

It will be seen that the equation reproduces well the experimental results. 
The agreement is all the more striking when it is remembered that for 
all these three results involving three diJTereiit sizes of silver nitrate onl}'^ one 
constant K ---0 -002 has been used. 

It should be noted however that with quantities of silver nitrate below^ 
1 -5 gni. it was more dilliciilt to get con.stant result, low rates of reaction being 
sometimes obtained. It is believed that this efTeet is due to iinj)urit 3 ' in the 
benzyl chloride, but it is Ifojied to investigate the matter further. 


Effect of Speed of Shaking, 

A few experiments were made to see whether the change in the speed of 
shaking has any effect on the velocity of reaction. The speeds employed 
were 180, 120 and 75 revolutions per minute of the shaker. The general 
experimental technicpie was the same as described before. The results are 
given in the Tables IV and V. 

It will be seen from the results *that change in the speed of shaking 
within limits has no effect on the velocity of reaction. 

Effect of Water. 

It has already been stated that im/'stnre inhibits the reaction to a 
considerable extent. A few exj)crinients were carried out to vStudy quantita- 
tively the effect of water on the rate of reaction. Distilled water was added 
to benzyl chloride before the reaction. Otherwise the experimental 
procedure was the same as before. 


The systems studied were 
Benzyl chloride 

5 c.c. 

5 

6 .. 


Silver nitrate 
2 gm. . 


H,0 

0-01 c.c. 
0-05 
0-10 „ 
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Tabuc IV. 


Results zeith Vaeidtiou hi the Shaker Speed. 


AgNOg 

initial 

lienzyl 

chloride 

Time 

N o. (»f shaker 

1 evolutions 
per ml. 

Ag\(), 

left 

gm. 

AgNO;; 

u.sed 

gm. 

K 




1 180 

0-02 

0 -38 

1 

! 0-0017 

1 

1 gm. 

5 c.c. 

2 -5 mts. 

120 

j 1 

0 - .50 

0-11 

1 

0 •0023 




1 75 

0 ‘(io 

0 -35 

i 0-0017 

1 




. ISO 

0-37 

0-03 

0-0018 

1 gni. 

5 c.c. 

5 int,s. 

1 

120 

i 

0 -25 

• 

0-75 

0 -0021 




I 75 

0-31 1 

0-00 

0-0021 




,180 

0-05 

0-1)5 

0-0020 

1 gm. 

5 c.c. 

JO lilts. 

.120 

0 -03 

0-97 

0-0022 




( 75 

0 -t);! 

0 -95 

0 -0020 


Tabi.k \\ 

Results icith Variation in the Shaker Speed. 


AgNOa 

initial 

r>t:n/yl 

chlniult; 

Time 

No. of sliaki.-r 
reiolu lions 
per nil. 

AgNO;, 

U.fl 

gni. 

AgNn.i 

U'-ed 

gin. 

K 





• 

/ISO 

0.(10 

0-10 

0 -0020 

1 gm. 

10 c.c. 

2 -5 rnts.* 

i ■ 

120 

0-02 

0-.3.S 

0 -0017 



1 

1 

75 

\ 

0 -.58 

0-42 

0-0022 




|180 

0 -33 

0-07 

0 -0020 

1 gm. 

10 c.c. 

5 rats. , • 

• 120 

0-28 

0-72 

0 -0022 



i 

[ 75 

0 -30 

0-70 

0-0021 




180 

O-OT 

0-93 

0-0019 

1 gm. 

10 c.c. 

10 mts. 1 1 

|120 

0-01 

0-96 

0-0021 



1 

1 

i 75 

0-09 

0-91 

0-0018 
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The results are shown graphically' in Fig. 4. The effect of 0*01 c.c. of 
water on the reaction of 5 c.c. of benzyl chloride (0.18% by weight) is 
marked. This effect increases with the amount of water added. 



0 S 10 15 20 25 30 35 40 45 


KlG. 4. Effect of HjO. 

Heiuyl Chloride 1 4* HoO 

X 5C.C. +2 Kins. -|-0c.c. 

^ .. -H n +0.()lc.(:. 

^ „ + „ + 0*05 C.C. 

Q „ + » -1-0-lc.c. 

r 

Summary, 

( 1) The kinetics of the reaction between benzyl cliloride and solid silver 
nitrate has been studied in tlic absence of solvents and diluents. 

(2) The reaction is independent of tiie amount of benzyl chloride, 
but is proportional to the surface of .silver nitrate present. 

(3) The reaction has been studied with particles of three different sizes, 
and it has been shown that all the experimental results can be reproduced by 
the kinetic equation derived oi, the assumption that the rate of reaction 
depends only on the surface of silver nitrate present. 

(4) The velocity of reaction is independent of the .speed of shaking. 

(5) Water inhibits tlie reaction ; the effect of 0 • 1 8% by weight of benzyl 
chloride taken is marked and this effect increases with the amount of water 
added. 



THE RAMAN SPECTRA OF DIOXANE AND 
TETRALIN. 

By C. S. Vknkatkswakan. 

{From the Department of Physics, Iiutian Institute of Science, Banyalore.) 

RcaMvctl A US* list 23, 1935. 

(Coininunicatccl by Sir C. V. Kanian^ Kt., k.r.s., 

/. Introduction. 

In spite of the fact that organic compounds generally give rather compli- 
cated Raman spectra, the extensive researches in lliis Held carried out in the 
last few years have enabled, in many cases, the inodiried lines to be classilied 
into groups which can be identified as due to certain characteristic groui)S or 
chemical bonds in the molecule. In order to inter])ret the results in relation 
to the molecular structure, it is important to obtain the Raman spectra of 
the compounds studied as completely as possible. The simple ring com- 
pounds repeatedly investigated by several workers incliule benzene, cyclo- 
hexane and nai^hthalenc. But comparatively little work has been done in 
other cyclic compounds possessing a somewhat similar structure. The 
present paper gives the results obtained by the author with dioxane and 
tetralin. 

Explanation of Symlwh. 


Syiiil)ol 

• , 

Wavelength | 

\V iiveiiuinljer 

a 

1 

3050 1 

27358 

h 

3(i55 

27353 

d 

4047 1 

1 21705 

c 

4078 

2 1510 

J 

4339 

2303!) 

9 

1348 

22095 

h 

4358 

22938 
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Table I. 


The Raman frequencies ofDioxane from 4047 A. U. — 51 00 A. U. 



CHs CHj 


No. 

] 

Raman lines 

j 


A 

V 

1 

1062-5 

21609 

2 

1067-3 

24580 

3 

4076-6 

24523 

4 

4086-8 

‘24462 

5 

4092-7 

24427 

6 

1099-5 

(<loiiblo) 

24387 

7 

1111-7 

21314 

8 

4116-6 

21285 

9 

4118-5 

21273 

10 

4127-6 

24220 

11 

1140-1 

24117 

12 

1118-7 

21097 

13 

4156-8 

24050 

14 

4188-5 

23868 

15 

1191-1 

23851 

16 

4204-7 

23771 

17 

1207-7 

23759 

18 

4220-2 

23689 

19 

4221-4 

23682 

20 

4237-1 

23596 





d 

d 

h 

d 

d 

e 

d 











The Raman Spectra of Dioxane and Tetralin 281 

Table I {contd.) 


No. 

Kamun lines 

A V in rni. " ‘ 

Intensity 

Assignment 

A 

V 

Without 

filter 

With filter 

21 

4240-3 

23576 

1129 

3 

. . 

d 

22 

1255-0 

23195 

1210 

0 

. . 

d 

23 

4250-8 

23185 

1 

1221 

5 

0 

d 

24 

1272-5 

23399 j 

1306 

0 

0 

d 

25 

4277-1 

23372 

1333 1 

1 2 

# . 

d 

26 

4291-1 

23297 

1219 

’ 1 

. . 

e 

27 

4297-8 

23201 

1441 

0 

0 

d 

28 

130«.0 

23249 

1155 

0 

• • 

d 

29 

4307-9 

23207 

1299 

• 

0 

I 

. - 

e 

30 

4393-0 

22757 

181? 

0 

1 

. . 

h 

31 

1141-0 

22512 

42«> 

1 

i 0 

0 

h 

32 

4442-3 

22504 

431 

2 

2 

h 

33 

4451-0 

22458 

480 I 

4 

3 

h 

34 

4523-2 

22102 

. 830 

lOsA 

8 

h 

35 

4525-0 

22090 

818 

0 

0 

h 

30 

4535-2 

22011 

2002 

1 

• • 

d 

37 

4510-7 

21988 

2718 ) 

950 ) 

3 

0 

0 

d 

h 

38 

4554-5 

21950 

2750 

0 

• . 

d 

39 

4560-3 

2J922 

2783 1 
1000 1 

0 

4 

d 

h 

40 

4570-3 

21846 

28001 

1109J 

8 

2 

d 

h 

41 

4582-2 

21818 

2888 ) 
1120 j 

3 

1 

d 

h 
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Tabi.b I {concld.) 


No. 

Raman lines 

Av in cm.”^ 

1 

Intensity 


X 

V 

Without 

filter 


42 

4597.7 

21744 

2962 

10 

1 

d 

43 

4600-8 

21729 

1209 

1 

• . 

h 

41 

1603-4 

21717 

1221 

6 

4 

h 

45 

4616.8 

21654 

2863 

3 

. . 

e 

46 

4621-1 

21632 

3074 ) 

0 

4 

d 



t 

1306 j 



h 

47 

4626-2 

21610 

1328 

2 

1 

h 

48 

. 4640.3 

21544 

2973 

3(5) 

. . 

e 

49 

1650.8 

21406 

1412 

8 

6 

h 

50 

4652-6 

21487 

1451 

0 

0 

h 

51 

4929-6 

20279 

2(i59 

1 

1 

h 

52 

4944-5 

20220 

2718 

1 

1 

h 

53 

4960-7 

20153 

2785 

3 

2 

h 

51 

4980-9 

20071 

2867 

8 

6 

h 

55 

4986-1 

20050 

2888 

2 

1 

h 

56 

4991-6 

20027 

2968 

1 

0 

9 

57 

5006-0 

19970 

29Co 

85 

8 

h 

58 

5032-8 

19861 

3074 1 

1 j 

0 

h 


2. Experimental Arrangements and Results. 

The experimental set up was the same as that previously used in the 
investigations of the author.^ The two liquids used in this investigation 
were those used for the measurements of dipole moments at the Institute 


» Venkateswaran, C. S., Proc. hid, Acad. Set., IMS, 1, 850. 
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CH 

cir 



C 



^CU; 

Cll... 



No. 

Raman 

lines 

in 

Intensity 


A 

V 



1 

4071-7 

24553 

153 

6 

1 

(1 

2 

4089-1 

24448 

258 1 

O 

0 

d 

3 

4095-5 

24410 

2911 

1 

. . 

b 

4 

4101-6 

24356 

flis 

0 

. . 

h 

5 

4117-6 

24279 

427 

2 

0 

d 

0 

4119-9 

24266 

440 

»> 

. - 

d 

7 

4123-2 

24216 

460 • 

0 


d 

8 

1130-8 

24202 

501 

1 

- - 

d 

9 

4139-9 

24148 

557 

0 


d 

10 

4143-8 

24128 

578 

3 

• • 

d 

11 

1164-6 

21005 

701 

1 

- - 

d 

12 

1168.1 

23985 

* 721 

8 

2 

d 

13 

4176-5 

23946 

760 

0 

-- 

d 

11 

4181-8 

23906 

800 

1 

-- 

d 

15 

4184-5 

23891 

815 

>> 

-• 

d 

16 

4200-8 

23798 

908 

2 

-• 

d 

17 

4214-0 

23724 

982 

0 

-- 

d 

18 

4223-2 

23672 

1034 

10 

3 

d 

19 

4228-0 

23645 

1061* 

0 


d 


structure. 
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Table II {contd.) 


No. 

Raman lines 

■ 

Intensity 

Assignment 

A 

V 

Without 
filter I 

With filter 

20 

1239-0 

23584 

1122 

0 

, , 

d 

21 

1215-8 

235 16 

1160 

1 

. . 

d 

22 

4253-1 

23.506 

1200 

8 

2 

d 

2:1 

1268 -t 

23176 

1230* 

0 

. . 

d 

2-1 

! 

42tt8-2 

1 

23121 

1285 

3 


d 

2.^1 

! 4277-0 

23369 

1336 

.3 

. . 

d 

20 

1279-5 

23360 

122 

0 

2 

h 

27 

1285-7 

23327 

1379 

2 

. . 

d 

28 

129.3-8 

232T8 

1427 

6 

1 

d 

29 

1 4298-1 

232.58 

1118 

1 

. . 

d 

30 

1.307-9 

1 

23207 

1199 

0 

. . 

d 

31 

4.309-7 

23197 

2.59 

1 

2 

h 

32 

4322-0 

231.30 

1575 

0 

. . 

d 

33 

1.32G.0 

23106 

* 1600 

8 

2 1 

d 

31 

1 1329-3 

23092 

1.51 . 

4 

1 

h 

35 ! 

1387-9 

22781 

151 

5 

8 

h 

36 

1408-1 

22680 

2.58 

3 

4 

h 

37 1 

1109-9 

22670 

268 


0 

h 

38 j 

4440-0 

22511 

127 

3 

6 

h 

39 ; 

1 

4113-1 

22500 

438 

. . 

0 

h 

“1 

4416-0 

22486 

457 

1 

4 

h 


* An asterisk mark against some o£ the frequency numbers shows that they pjssess a doublet 
structure. 
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Kaman lines Intensity 


No. 


1 

Av in cm.’^ 

Witlioul 

filter 

jwitli filter 

1 

Assignment 

41 

4455-4 

22438 

505 

2 

5 

h 

42 

4467-0 

22380 

558 

0 

1 

h 

13 

4470-5 

22363 

575 

3 

4 

h 

44 

4495-0 

22241 

697 

1 

1 

h 

45 

4199-6 

22218 

720 

8 

10 

h 

4() 

4508-1 

22176 

762 

0 

0 

h 

47 

4315 •« 

22138 

800 

0 

1 

h 

48 

161H-7 

22124 

811 

I 

*> 

h 

40 

4537-0 

22035 

903, 


0 

Ji 

50 

4544-1 

22001 

1035 

0 

0 

f 

51 

4552-7 

21959 

1035) 

979 J 

0 

2 


52 

1560-3 

21903 

1035 

8 

10 

h 

53 

4570-3 

21874 

106 1* 

3 

2 

h 

54 

4576-9 

21813 

2863 

1 

* 

d 

55 

4584-5 

21^06 

2902 

1 

. . j 

d 

5G 

1590-5 

21778 

2930) 
1160 ) 

\b 



57 

4591-0 

21762 

2913 

0 

0 

d 

58 

4601-4 

21726 

1202 

5 

6 

h 

59 

1607-0 

21704 

1234 

0 

1 

h 

60 

1617-1 

21653 

3052 ) 
1285 j 

6 

3 

d,h 

61 

4627-8 

21602 

1 

1336 

1 

2. 

h 
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Table II (concld,) 


Na 

Kaman lines 

Av in cm.“’ 

lnten.sity 

Assignment 

A 

i 

V 

Without 

filter 

With filter 

62 

403r>-3 

21563 

1383 

1 

2 

h 

63 

4647-4 

21511 

1427 

6 

6 

h 

64 

4652-2 

21489 

1449 

1 

2 

h 

65 

4662-8 

21440 

1498 

0 

0 

h 

66 

4680-8 

21362 

1576 

2 1 

2 

h 

67 

4685-1 

21339 

1599 

3 

4 

h 

68 

4980-8 

20071 

1 2867 

3 

3 

h 

69 

4989-8 

20035 

2903 

1 

1 

h 

70 

4993-7 

20020 

2918 

0 

0 

h 

71 

4998-3 

20001 

2937 

6 

i> 

h 

72 

5018-7 

19920 

3008 

1 

1 

h 

73 

5025 

19892 

3046 

10 

10 

h 


and the autlior’s thanks are due to Dr. M. A. Oovinda Ran for kindly per- 
mitting the use of the extra-pure su])stances which he had carefully prepared 
for his work. In order to facilitate the i)roper assignment of the excited 
lines, spectrograms were taken with and without filters. An alcoholic 
solution of />-nitro-tolucnc was found to be an efiicient filter which cut off 
almost completely the 404(5 radiations while transmitting the 4Ik58 radiations 
of the source with muxiiiium intensity. I'or dioxane, an alkaline solution 
of o-crcsolpthalin helped to clear up the 4910 region considerably. The 
filter was contained in an outer jacket surrounding the experimental tube as 
ill h'ig. 1. It would be of interest to mention that tubes with almost per- 
fectly fiat ends could be easily made in pyrex glass with the outer tube fused 
to the bottom and siqiported with a few spokes dug into its walls at the top. 
In order to prevent the evaporation of the filter solution when the tube was 
jilaced close to the arc, the top end was closed with plaster of Paris through 
which two ‘small tubes were passed for the introduction of the solution. The 
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The intensities ,^iven in the brackets are for the 4358 excitations. 


Dioxane 


Tetralin 


( Cyclohexane 

Hcnzenc 

Author 

Villars 

Author 

Mukeiji 

j Hoiiinn nnri 

1 C'dla 

Krishnanmrti 

(irassman and 
Weiler 






(Incomplete) 

181(0)f 

. . 

151(8) 

162(3) 

158(4) 

. , 


213(1) 

•• 

259(4) 

205(2) i 

205(3) 

381(1) 



291(0) 

268(0) 

•• 


126(0) 

.. 

127(6) 

430(0 

432(2) 

425(1) 

404(1) 



439(0) 




433(2) 

4»-l(00) 

159(4) 


. . 



482(4) 

519(00) 

505(5) 

511(3) 

513(3) 





558(1) 

501(2) 

5(»7(2) 





577(4) 

582(3) 

585(3) 


007(8) 



699(1) 

099(2) 

• 

695(0) 

092(1) 



720(10) 

723(5) 

724(4) 




761 (0) 

752(1) 

759(1) 


781(0) 

837(8) 

837(4) 

800(1) 

•• 


804(10) 

802(0) 

819(1) 


814(2) 

814(2) 

815(2) 


824(J) 




839(0) 

848(0) 


849(1) 



905(0) 





946(0) 

i 

• ■ 

980(1) 

• * 

•• 


984(2) 

992(15) 

1012(6) 

• • 

1035(10) 

1063(3) 

1037(7) 

1038(5) 

1028(8) 

1031(1) 

1109(3) 

1117(1) 

1122(0) 

•• 

•• 



1124(3) 


1163(1) 

1174(0) 

1100(1) 

1150(1) 

1170(4) 

1209(1) 

• • 

1201(6) 

1205(0) 

1204(4) 



1221(5) 

1214(1) j 

1232(1) 

1285(3) 

1283(1) 

1283(2) 

1200(5) 

1285(0) 

1300(8) 

•• 

••• 

•• 

•• 

•• 


1328(2) 

• . 

1336(2) 


1310(11) 

1.344(i) 

1320(5) 

1444(8) 

1142(2) 

1427(6) 

1 i;i;3(3) 

1133(3) 

1444(6) 

1403(2) 


I 
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Tabi^e III {contd.) 


Dioxanc 

Tctralin 

Cyclohexane 

Benzene 

Author 

Villars 

1 

Author 

1 Mukerji 

Bonino and 
Clella 

Krishnamurti 

Grassman and 
Weiler 
(Incomplete) 

1461(1) 

[ 

1448(2) 

1499(0) 

1675(2) 

1600(4) 

1458(6) 

1582(3) 

1602(3) 

1156(3) 

1583(3) 

1602(3) 


1449(i) 

1480(0) 

1585(12) 

1606(8) 

26«0(1) 

• • 

• • 


. • 

2662(1) 

2615(2) 

2718(1) 

2720(00) 






2784(3) 

. . 


. . ' 

.. 



2863(8) 

2864(3) 

2865(4) 

2865(1) 

2862(2 J) 

2852(8) 

• • 

2888(2) 

. . 

2902(1) 


•• 

2889(1) 

» • 

2968(10)6 

2967(3) 

2937(6) 

3008(1) 

1 

2910(4) 

i •• 

1 * • 

! 

2922(8) 

2949(4) 

3049(8) 

3064(1) 


3049(10) 

3046(5) ! 

1 

1 

! 3049(5) 

1 

1 


3064(12) 



si)ectrogranis were measured as usual and the 
results are tabulated in Tables I and II. The 
photographs arc also reproduced in the acconipaii}^- 
ing plates. Dioxaiic was conii)aratively a poor 
scattering xnediuni and an exposure of fort}'' hours 
was re({uired to bring out all the lines in its 
spectrum without aliy filter. Tctralin gave an 
intense picture at an exposure of nine hours ; Init in 
this case a continaous spectrum was also present. 

3, Discussion of Results. 

(fl) Dioxanc , — Except for a short report on 
the principal Raman lines by Villars,^ this compound 
has nut been studied in any great detail. From 
the i)oint of view of the Raman effect this is an 
interesting compound, for it affords the unique 
example of a molecule possessing a structure similar 


2 Villars, Jour, Amer, Chem. Soc., 1930, 52, 4612. 
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to that of cyclohexane, but with two of the methylene >j:n)ui)S rei)lace(l by 
oxygen atoms. As can be seen from the first column in Table TIT, the 
spectrum of dioxane consists of twenty-four lines of which fourteen have 
been observed for the first time. The author has been fortunate to be able 
to examine the cyclohexane plate of Krishnamurti* ** side by side with the latter 
and the comparison of the two reveals tlic folio wine; facts : - 

(1) Both the compounds give only feeble wings accompanying the 
Rayleigh lines. 

(2) All the important lines of cyclohexane appear more or less in the 
same position in dioxane. 

(3) The region between and 2908 is covered by a band in both 

the cases which is attrilmted to the rotational spectrum accompanying the 
vibrational line due to C-11 linkage. 

(t) The wing structure of I Ml of cyclohexant is rc.sob ed into a close 
companion line in dioxane. 

The outstanding diiTerences in the two spectra are the following : — 

(1) An intense line at 130G (marked by the arrow’ in llic accom- 
panying plate) which is absent in cyclohexane, is t)iie of the fundamental 
lines in dioxane and tliis is to be attributed 4o tlie oscillation of the 

group O <r 

Nnr. 

(2) The line due to the symmetrical o.scillation of the carbons in cyclo- 
hexane at 801 is shifted to a higher frequency 8;J7 in dioxane, aiul the lines 
due to C-11 from 2852 and 2958 to 28()5 and 29f)S resi)ecti\ ely. 

(5) All the other lines belonging to C C or CHg are .shifted in the oppo.site 
direction. 

(I) The line at -125 wdiicli is assumed to be (me of the characteristic 
lines of the cyclohexane nncle.us, is resolved into three lines in dioxane. 

(5) There is a group of lines j)resent in dioxane at about 2750 which is 
not present in cyclohexane and they may be explained j)artly as arising from 
the ccmibiiiatioii of Mil and 150(5. 

(()) The intense doublet due to C-dL in cyclohexane at 2922 and 2958 
appears as a single broad line at 29(58 in dioxane. 

Tt is clear from the alxw’c that dioxane i)os.scs.scs a structure similar 
to that of cyclohexane and its»vibrations are modified to some extent by the 
presence of the two oxygen atoms in the place of two Cllg groups in the ring. 

* Kri.shnaniurti, P., /»(/. Jour, Phys., 1932, 6, 543. 

A6 


F 
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The presence of a weak line at 3064 which is characteristic of the aromatic 
linkage shows besides that it represents the transition between the aromatic 
and the aliphatic ring compounds. 

(b) Tetmlin . — This has been studied in great detail first b)^ Bonino 
and Cella^ and (]uite recently by Mukerji.*^ These authors have pointed 
out the great similarity of its spectrum to those of cyclohexane and naphtha- 
lene. The results given by them are in fair agreement with those of the 
author. As can be seen from Table III new lines have been observed at 
268, 4.39, 459, 800, 905, 980, 1063. 1122, 1232, 2902 and 3008. The fre- 
(liicncy shifts of cyclohexane and of benzene® are also given for comparison. 
The new points that have been obserx'ed by the author in the spectrum of 
tetraliii besides those reported by the i)revious investigators, are the follow- 
ing 

(1) The line at 1440 due to the deformation oscillation of CII 2 has been 
shifted slightly to a shorter wavelength and has been followed by a com- 
panion as in dioxane. 

(2) The line at 425 has been split u]) into three lines as in dioxane. 

(3) The continuous spectrum betw^een 2805 and 29157 in cyclohexane 
and dioxane is present weakly also in tetraliii and thus appears to be charac- 
teristic of the molecules of the cyclohexane type. 

( I) The wings accompanying the Rayleigh lines are as prominent as 
ill benzene. 

(5) The important lines in the benzene spectrum at about I GOO due to 
C==C and above 3000 due to the aromatic Cl I appear also in tetraliii. 

(6) The line at 3010 shows a proininent wing on either side. 

This similarity to the spectrum pf cyclohexane on the one hand and of 
benzene on the other suggests that the molecule of tetraliii is made up of 
one completed cyclohexane nucleus and one incomplete benzene nucleus. 

Ill conclusion the author wishes to record his thanks to Sir C. V. Raman 
for his interest in the work. 

Summary, 

The Raman spectra of dioxane and tetraliii have been obtained using 
the filter technique. The spectrum of dioxane consists of twenty-four lines 
of which fourteen are reported for the first time and resembles closely that 
of cyclohexane. Tetraliii has also given eleven new^ lines. The results 
obtained are discussed with reference to the structure of the molecules. 

* Bonino and Celia, Atti. Acad. Lined, 1931, 13, 784; also 1932, 15, 572. 

» ^Iiikerji, P/iil. .Mai/., 1935, 19, 1079. 

® Grassman and Weiler, fur Phys., 1933, 86, 314. 
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/. Introduction, 

The Raman spectrum of heavy water was first photographed by Prof. R. W. 
Wood^ who used in his investigations two samples of heavy water, one 18% 
and the other 80%. Trom his experiments. Wood arrived at the conclusion 
that the molecules containing one atom of heavy hydrogen (HDO) give a 
band A v =2623 cm.”^ while those containing two atoms of heavy hydrogen 
(D 2 O) give a band A v— 2517 cm.-’ ; ordinary water gives a band 
A V =3445 cm.“^ Prof. Wood also remarked in his paper that he was unable 
to find any structure for these bands. In the case of the vapour, Wood got 
a line Ai'-=2674 cni.”^ for IIDO and A v -2601 cin.“’ for DaO. Indeijendcntly 
of Wood, Rank, Larsen and Bordner* photographed the Raman spectrum of 
heavy water vaijour, and they found a line Av - -2718 cm."’ for HDO and 
^i/= 2666 cm."^ for D 2 O. Prof. Wood used in his work the resonance line 
2536 A of the mercury arc as the exciting line, while the latter authors used 
A = 4046 A as the exciting line. All the workers comjfiain of the strong 
fluorescence of the vapour as well as of the liquid, which gave an undesirable 
background almost blotting out the Raman bands. However, Wood found 
that the fluorescence of the liquid disappeared after a few hours* exposure 
to the light of the mercury arc. 

Judging from the close similarity in the properties of H 2 O and DgO, 
it appeared that the results of the above-mentioned authors are nece.ssarily 
incomplete. The papers on the Raman spectrum of water are legion, and the 
majority of them seem to agree that the principal band of w'ater consists of 
three components of which the central one A v— 3445 cm."’ is the strongest. 
Apart from this a number of low frequency bands of lesser intensity have 
been noticed in the Raman spectrum of HgO to wdiich we shall have occasion 
to refer in the course of the paper. Special mention may, however, be made 
of the feeble band at 1 650 cm."’ wrhich has been observed as a line in the 
case of the vapour.® 

1 R. W. Wood, Phys, Rev., 1934, 45, 392. 

2 D. H. Rank, K. D. Larsen and E. R. Bordner, Jour. Chem. Phys., 1934, 2, 464. 

3 H. L. Johnson and M. K. Walker, Phys. Rev., 1932, 39, 535. 
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Theoretically, the coiii|)utalioii of the fiiiidaniental frequencies of a non- 
linear triatoinic molecule of the type AB 2 has been carried out recently by 
Van Vlcck and Cross, ^ who give for the frequencies of vibration of the H 2 O 
molecule, w, ^.‘1520 cm. ^ .‘i5G0 cni.‘ ^ and to3--16G0 cm.-^ Using the 

sam(‘ molecular constants, Topley and Kyring^ find for the frc<piencies of 
vibration of the HDO and DoO molecules the following values : 



6), 



riDO 

35(!0 oni.'' 

2000 c.ni."* 

1450 em.“^ 

D.O 

2580 oin. ' 

2590 cm.-' 

1250 ein."^ 


A calculation by Bonner® gives for the fundamental frecjuencics of the HaO 
and DgO molecules res])cclivcly 



"1 

COo 

CD, 

1 

11., 0 ..! 

1 

3899 cm.-' 

j .‘3807 *5 em.~‘ 

105 1 -5 cm.-' 

1 

IhO 

28fi5« 1 cm. 270 1*7 cm. ' 

1209-7 cm. ' 


It might be pointed out that all the three frequencies are active in Ihe 
Uainaii effect as well as in the infra-red, although is relatively the least 
active in the Raman elTect. 

2 , Jixperintnilal. 

In the present work, a sample of /)() grams of l)9-2g/IO()g I)./) 
(d“'V suj)plie(l by the Norsk Ilydro-hUektrisk Kvalstofafctieselskab 

was employed. The licpiid was traii.sferred into a thick-walled pyrex bulb 
of about 100 c.c. capacity attached to a Wood’s tube of about 2 cms. dianu‘ter 
and IT) cms. length. The ol)servatioii end of the tube was closed by fusing 
on a Hat pyrex window in the usual wa> . After evacuating the system, the 
Ihjuid was distilled into the tube and wa.shed back a number of times, till 
finally the Wood's tube was filled with the dust-free liejnid. The tube was 
suitably painted and illuminated by the light of a (juartz mercury lain]) 
concentrated on it by means of a G-iiich condenser. The .scattered light was 
focussed on the slit of a Hilger two-prism spectrograj)!!. When the alignment 
was ])erfect, the principal Raman bands could lyjseen visually with considerable 

> J. II. Will Vlcck and P. C. Cross, Jour. Clicm. Pliys., 193.3, 1. 35().-357. 

'• H. Topley and H. liyriiig, Jour. Chew. Phys., 1934, 2, 220. 

« U. 0. Ponner, Phys. AVt-.. 1934, 46, 458. 
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brilliancy. Fluorescence was completely absent, and the continuous 
spectrum practically non-existent. Using Ilford Golden Tso-Ztnith ])lates 
(H & I) 1400), the spectrum could be idiotographed in all its salient fciitures 
with an exposure of 10 hours, longer exposures were tried to delect the 
presence of fainter bands, if any. 

For the sake of comparison the Raman spectrum of ordinary water 
was also idiotographed with the same inslrument. The water ^vas lirst i)u ri- 
fled by distillation from K^In ()4 and Ra(f)II )2 res]K‘ctively, and aftei wards 
rendered dust-free by vacuum distillation in the usual way. The Wood’s 
tube, as before, w^as of pyrex glass with fused-on end-window'. 

In order to determine the frc(|uency shifts of the Raman bands, an iron 
arc comparison spectrum was taken in all cases, partially overlapping with 
the Raman spectrum. 

3. Experimcnlid Resitl/s. 

(a) Raman Spectrum of — We shall lirst consider the Raman sjiec- 
trum of 1)20. Fig. 2 in the plate shows three broad and intense bands, which 
are due respectively to the excitation by the :h)r)0A, 4 (HO .A and 4058 a 
lilies of the mercury arc. Fa'cii a casual examination shows that each of these 
bands consists of three com|)onents, of which the component with the largest 
frecjucncy shift is the faintest. It should, however, be remarked that tlie 
;lGr)0 A excitation really arises from a grou]) of lines all of which are of conijiar- 
able intensity and henc'c there is a certain amount of confusion in the corres- 
ponding Raman band. Similarly, overlapping occurs between the Raman 
band excited by the 4()4li \ and 4077 .\ lines. In order, theiebne, to gain 
a true insight into the .structure of the band, we have to coniine our altcaition 
to the band excited by tlu' 4»k5S A liiie*who.se companions are relatively very 
much feebler. The main features of tlds band are, 

(i) it extends roughly over a range of 400 wave nunibers ; 

(ii) it consists of three di.stinct components which are fairly but not 

sharply resolved from one another ; 

(iii) the central coni])onent is the brightest ; the component with the 

lowe.st frerpiency shift conies next in order of intensity, while 
the component with the largest freiiueiicy shift is conijiaratively 
feeble. 

The next characteristic feature of the spectrum is the presence of a 
sharp band shifted by about’ 1230 ciii.-’ from the exciting line. This band 
is very clearly visible in the 4358 as well as in the 4040 excitations. Careful 
examination of the plate shows a faint companion towards the shorter 
wavelength side of this band in the 4358 excitation. 
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Thirdly, the spectrum sliows a strong band close to the exciting line, 
sharp towards the shorter wavelength side, and shading off towards the side 
of longer wavelength. This band extends from about 130 cm.“^ to 240 cm."^ 
with the intensity maximum at about 175 cm.“^ 

The following table gives the classification of the Raman spectrum of 
DgO. The results of other authors are also added for comparison : — 


Tabi,e I. 



Author 

Wood 

Rank, I..aRien 
& 

Bordner 

Exciting lines 

135H 

Int. 

4046 

Int. 

2536 

4046 

1 

130—210 

st. 






1110 

ff. 





Raman linos 

1250 

m. 

1221 

ni. 



cm.” ^ 

2303 

st. ^ 

2368 

St. 




2515 

v.st. 

2507 

v.st. 

2617 (liq.) 



2602 

in. 

2680 

m. 

2601 (vap.) 

2666 (vap.) 


St.— strong ; v.st.=-vt.Ty strong ; in. — mtUiaiii ; ff.=very faint. 


The above set of measurements were made on one of the best of the 
author’s plates, and are correct to +5 wavenumbers. For the frequency 
shifts of the components of the princijial l)and, the 4358 A excitation values 
are probably more accurate, uliile for the frcf;ucncy .shift of the other band 
we shall adopt the mean value A 1235 cni."^ 

(b) Raman Spectrum of view of tlie importance of a compara- 

tive study of the Raman spectra of HgO and DgO, it may not be out of place 
to point out the salient features of the Raman spectrum of HgO. Special 
mention must be made in this connection to the recent work of Magat’, Bolla®, 
Hulubei®, Cabaniies and De Riols^® and Ramakrishna Rao^^ on the Raman 

'* M. Magat, Jour, dc Phys., 1934, 5, 346. 

« G. Bolla, N, Cimeuto, 1932, 9, 290; Ibid., 1933, 10, 101. 

Hulubci and Cauchois, C.K., 1930, 192, 1(40; Ibid., 1932, 194, 1475. 

Cabannes and Dc Riols, C.R., 1934, 198, 30. 

11 I. R. Rao, Proc. Noy. Soc., 1931, 130, 489; Ibid., 1934, 145, 489; Phil. Mag., 1934, 17, 

1113. 
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spectrum of HgO. While Bolla, Cabaiines aiul De Kiols and Ramakrislnia 
Rao claim that the principal band of water consists of three coin^xmcnts 
whose frequency shifts are approximately 3200, 3400 and 3000 cm.-*, 
Magat and Hulubei have not been able to liiid any trace oi* the third compo- 
nent with the large.st frequency shift. In the Raman s]jectrum of water 
taken at room temperature (27*^ C.) [I'ig. 3 in the plate], tlie author finds that 
the third component is very faintly pre.seiit in the Raman band excited by the 
4358 A line of the mercury arc. It is true that this band lia])pciis to fall in 
a region in which the ])hotograi)hic plate is relatively little sensitive, but the 
time of exposure was adjusted to record it with snllicient intensity. The 
Raman band due to the 4040 a excitation also shows a trii)le .structure. Tin- 
third component is apparently much stronger in this case which is undoubtedly 
due to the fact that the second component of the band due to the 4077 
excitation happens to fall in almost the same position as the third ccmqKinent 
due to the 4010 excitation. 

Besides the principal band, a faint band Av ^^1050 cm. * has been 
noticed in the Raman spectrum of 11/3 by all the ubove-nientioiu‘d authors 
except Rao. It should be pointed out that the 2530 excitation emidoyed 
by them is particularly favourable for the obsbrvalion of this band, since 
the above band excited by the 4040 \ line chances to fall in the -1358 region 
and the .same due to the 4358 excitation would merge with the principal water 
band excited by the 401 (5 A line. Magat, using a filter which transmits 
only the 4358 group has, however, been able to record this band. In the 
photograph reproduced in the plate, this band is faintly v'isiblc to the shoiter 
wavelength side of the 4358 groui). 

Magat has reported a band of medium intensity with Av -5100cm.“^ 
However, no trace of this band conld be detected in any of the author’s 
jilatcs. • 

Two other feeble bands wdth A r -500 cm. * and Ai/- 750cm.“* have 
been reported by Magat, Bolla and Cabannes and De Riols. These 
bands are recorded on the author's ])lates as a broad structure extending 
over a region of about 500 wavenumbers. 

In addition to these, Bolla and Magat have found a strong band with 
a frequency shift of about 170 cin.“* In fact the presence of such a strong 
low' frequency band in the case of water was lirst noticed by Segre .^2 
existence of a similar band in, the Raman spectrum of 1)^0 has been already 
remarked. This band is also intensely recorded on the author's plates in 
the case of HgO. In fact, the 1046 excitation shows a faint but well-defined 
antistokes for this band. 


E. Segre, Aced. Lined, Attl., 1931, 13, 929. 
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The following table gives the frequency shifts of the Raman bands of 
HgO. The results of other authors are included for the sake of comparison : 

Tabu5 II. 


i 

Author 

: 

Nfagat 

Holla 

Cnbnnnes 

& 

l)e Kiols 

I. R. Kao 

Kxciting Hue 

4046 

4358 

4358 

2536 

2536 

2536 







60(f.) 




134-2.16 ( St.) 

134 243(.si.) 

l.“»2-225(in.) 

175 

172(st.) 





404 (f.) 

600(ff.) 

500 

610(.st.) 

550 



•• 

754(1.) 


740 

780(i.) 

700 



1605(f.) 

, . 

16.5»(f.) 

1659 

164.''i(f) 

1643 






2135 

2150(11.) 



Kanum lines 

3231 (.St.) 

3214(st.) 

3221(.st.) 

3200 

3200(st.) 

3224 

3210(st.) 

I'ln.” ' 









343(1 (v.sl.) 

3428(v.st.) 

3435(v.sl.) 

3400 

343r)(st.) 

3436 

3435(v..st ) 


360r)(ni.) 

3600 (f.) 

•• 


3630 (iti.) 

3625 

3528 (f.) 



< 



3«90(m.) 






5000(111.) 

5100 





Si. -strrmg; v.sl. — very strcing ; m. --in odium ; f. -feeble; ff. --very fee l)Ie, 


4. Discussion of Results. 


{a) Modes of vibration of a non -linear trialomic molecule of the type ABg*. 
— \Vc know tluit: a inolcinilc of this ty])c possesses three fundameiilal modes 
of vibration wliieh can ho. diagraniinatically represented as follows : 



* For disciissiim iiiidcr this head the author is highly indebted to Mr. N. S. Nagendra Nath, 
to whom lie wdshes to acknowledge his thanks. 
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We may expect W2 <^3 be more active in the Raman efi'ect and o)i 
and W3 to be more active in the infra-red. In fact, the Raman spectrum 
of water vapour shows only two frecpieneies cm. ^ and lOriO cm. ’ which 
may be identified with Wo and w, respectively. In the corresponding case of 
D2O only one frequency Ar- cm. Mias l)ecn so far ri poited. but the 

author is quite certain that a careful examination of the Raman S]H*ctriini 
of D2O vapour will reveal a line at about 12:15 cm. ’ 

The infra-red s])cctriini of heavy water vajxnir has been studied recenlly 
by Hartholoine and Clausius’^ who find the following frequencies : 

cui \ o)., tua 

ir^O ..i 3750 ,, 1595 

I • 

HDO ..| 3790 9810 1380 

DjO 2775 .. 1185 

* • 

<1)2 is observed in the infrii-rod in the case of 111)0, wliile it fails to appear 
in the case of the other two syiinnetrical nlolecules. The correspoiidiii}; 
Raman data arc snnimarised in the table below : 



i ; 

i 1 

tO-J 1 

^3 

H,0 

1 

3055 

1050 

HDO 

i 

• 

2718 

207 I 


D,() 

» 

1 

2(;0(» 

2001 

(1235) 


It is very strange that the value of w, as revealed in Raman spectrum is 
higher than the observed infra-red value both in the case of lIjO and D.d. 

Ado])ting the general potential energy function with 4 constants, if we 
represent the fundamental frequencies of the II2O molecule by 01,, ot^ and <1)3, 
and those of the 1)30 molecule by <di*, <d 2* and ca.j* respectively, it can be 
shown that’^ 

!•* K. Bartholome and K. Claiisiu.^, \aturzK>iss., 1934, 22, 420; Zcil. fur. Hick. Client., 193>t, 
40, 530. 

See Jenny E. Rosentlial, PJiys. Rev., 1934, 45, 426. 
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and 


Oil 

- P. 

0 + 2H sin®a 

A 

Oil 

“ Lh 

0 I- 2D“Sn*a 

OJ2 0)3 


0 1 2II]t 

Ik ♦ 

0)3 0^3 

Lip ' 

0 1 2 dJ 


(1) 

( 2 ) 


where O, II, I) stand res})ectively for the masses of the oxygen, hydrogen 
and deuterium atoms, and 2a is the valence angle subtended at the oxygen 
atom. 

In deriving (I) and (2) it is assumed that the valency angle as well as 
the force constants remain unaltered when one passes from HgO to 1)20. 
Bartholomfe and Clausius have calculated from equation (1) the vibration 
frequency of the D^O molecule assuming the frequency and the valence angle 
for IL/), and have found good agreement between the observed and the 
calculated values. K(|uation (2), however, affords an independent check on 
these assumptions purely Trom Raman data. If wc substitute the observed 
Raman frequencies in the left-hand side of ef|uation (2) we get 


0)2 Ct);! 3()55 X 1650 

2060 X 1235 

The right-hand side of the equation works out as I *89. The agreement 
is not unsatisfactory and shojvs that the force constants and valency angles 
are nearly but pertuq^s not quite identical in the two cases. 

(h) Structure of the Principal Raman band.— The wStructure of the principal 
Raman band of water does not appear to have been satisfactorily accounted 
for, although numerous papers have been written over it. The fact that 
the Raman band of DoO also shows an exactly identical structure is not 
surprising in view of the close jdiysical and chemical similarity of these two 
substances. One important fact that deserves attention is that the frequency 
of the third component is very nearly *identical with the frequency observed 
in the vapour state, being respectively 3600 and 3655 cm. ^ in the cjuse 
of H2O and 2662 and 2666 cm.-^ respectively* in the case of D..O. In tlie 
case of water, Ramakrishna Rao’® has put for\v'ard the theory that theie 
exist three different types of molecules, HgO, (1120)2 and (H20)3. Rao 
attributes the component of highest frequency observed in the Raman 
spectrum of water to the IlgO molecules, while the components of lower 
frequency are attributed respectively to the (H20)2 and (H20)3 molecules. 
Rao gives the following arguments in favour of liis theory : 

(i) the frequency of the third comj^onent of the Raman band is not 

very different from the frequency observed in the vapour state ; 

(ii) as the temperature of water is raised the third component goes 

on gaining in intensity, w^hilc the first one goes on diminishing 


I. R. Rao, loc. at. 
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in intensity j this is in all ])robability due to the breaking up 
of the higher polymers, evidence of whose existence in water 
is available from entirely difTerent sources ; 

(iii) the Raman spectrum of ice shows only the first two components, 

which are sharjicr than in the case of water and are shifted 
slightly towards the exciting line. This is because all the water 
molecules exist as double and triple molecules in tlie case of ice ; 

(iv) the Raman spectrum of crystals containing water of crystallisation 

shows only the first or the first two components, but in no case 
the third. 

Although the reasoning appears quite plan.sible, v^utherlaiid*® has 
pointed out that the assumj)tion of the existence of triple molecules in water 
and ice is contrary to experimental evidence. He finds that the character 
of the Raman s])ectruin of ice taken at li(iiiid aiT- lemperaturc is strikingly 
different from that taken at (f C. The component of lowest freciuency is 
much sharper and stronger at the lower temperature, which is explicalde 
on Rao’s theory only if we make the improbalje assumption that even 
in the cryvStalline state a gradual polymerisation into (IlaO)., molecules takes 
place. X-ray observations^’ do not however show any change in the crystal 
structure of ice between 0°C. and -J8:rC. vSutherland attributes the 
component of frequency 8200 cm.'^ to (H 20)2 molecules, and postulates 
that the other two frecpiciicies arise because of a doulding of the IlyO 
frequency from a condition of resonance degeneracy such as has been obserx-ed 
in the case of COg. '‘This is suggested by the fact that one of the other 
fundamental frequencies of water is known from infra-red and Raman spectra 
to lie near 1G50 cm.-* so that its first overtone may fall close enough to the 
fundamental for these two levels to interact. As the temperature is loweied 
the position of the fundamental shifts considerably, as wi*ll as lacing more 
sharply defined, so that the /iiteraction between the two levels may become 
negligible and only one frequency will be observed.’* 

The e.tplanation of >Sutherland, however, aj^pears rather far-fetched. 
The analogy with COj appears difficult to understand. It need only be 
pointed out that whereas the frequencies 1285 and 1388 cm.’ ^ of the compo- 
nents into which the fundamental freciuency is sj)lit up in the case of CO 2 
lie one on cither side of the octave of the other fundamental frequency 
668 cm.*"\ the author is unable to find any such relation in the case of either 
HgO or DgO. The investigation of the band structure of HDO would be of 
great interest in this connection. 

G. B. B. M. Sutherland, Proc. Roy. Soc., 1933, 141, 542 
See Barnes, Proc. Roy. Soc., 1929, 125, 670. 
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Recently Bernal and Fowler^** have proposed a model of the water mole- 
cule from considerations of spectral and X-ray data, which has proved to 
be of great help in explaining either quantitatively or qualitatively several 
properties of water and ionic solutions. According to this model an II 2 O 
molecule of radius 1 -4 A is surrounded by four others in a more or less 
regular tetrahedron. “This is the arrangement found in ice and necessarily 
follows from the t[uasi-tetrahedral angle of the HgO molecule.” As regards 
the arrangement of the molecules of HoO in water, Bernal and Fowler postu- 
late three cliicf forms of arrangement : — “Water I, tridy mite-ice-like, rather 
rare, present to a certain degree at low temperatures below 4° C. ; 
water II, quartz-like jiredominating at ordinary temperatures; water III, 
close-packed ideal liquid, ammonia-like predominating at high temperatures 
for some distance below' the critical point at 374'' C. These forms pass continu- 
ously into each other with change of temperature The sequence w'ater 

I II- III is one of increasing rotatory and translatory molecular movement 
and of tin* coiiseciuent diminution of the dipole forces of cohesion of the 

litjuid and relative increase of the Van der Waals coinponent It is 

tempting to identify the 3200, 3100, 3600 (Raman) bands as corre.sponding 
respectively to the water structures I, II and III, but sucli a correspondence 
cannot be maintained until the nature of the transitions corres])onding to 
these bands has been worked out.” 

We may here point out one significant fact of experimental observation, 
that wdiile the frequency dilTerence of the components of the band is about 
200 cm."^ in the case of 11.20, this dilTerence is only about 150 cm. ^ in the case 
of D. 2 O. 

(c) Band Av =500 —This diffuse band has been attributed by 
Magat to the frequency of hindered rotation or oscillation of the water mole- 
cules. How'cver, this assignment would api)ear to b(' purely conjectural, 
and the origin of this band as well as of the band Av— 750 cm.“^ remains 
rather obscure. It is surjjrising that wO’ile Magat’” has found that these 
bands disappear at about 10'' C., I^olla^” has quite recently reported that 
these bands persist in the Raman spectrum of water at all temperatures 
from 28" to 92"C. 

(d) Band Av -d75 cw. ’ — vSegre wlio was the first to observe this strong 
band in the case of HgO suggested that it might be due to the oscillation 
in the polymers of II 2 O. He found that raising the temperature, which 
tends to reduce the number of associated molecules, decreased the intensity 


Bernal and Fowler, Jour. Chcin. Phys., 1933, 1, 515. 
u) M. Magat, Jotir. de Phys., 1934, 5, 347. 

20 Cm. Bolla, N. Cimaito, 1935, 12, 243. 
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of this band. Magat has made an attempt to ealeiilate the freqtieney of siieh 
an oseillation on the a])proximato assiiin])tion that it is analogtuis to the 
intramolecular vibration of a diatomic nioleeule, and ( inploying the empirical 
formula of Morse^^ connecting the frecpieiicy ujq and the internuclear 
distance 

-m)i) A^jcm. 

Putting r,,— ‘ 2 * 72 .\ (diameter of the H^O molecule), we get co^- 150 cm. ^ 
In view of the highly empirical nature of the |)rocedure, the agreement seems 
satisfactory. 

Alternatively, Magat has calculated the frcciueiicy of such an inter- 
molecular vibration as 200 cm. ' by employing the model jnoi)osed by Hernal 
and Powler, which value again falls in the observed raiigi*. However, as 
Magat himself has remarked, such a vibration cannot appear in the infra-red, 
since the total electric moment of a grou]) of live molecules would on the 
average be zero. 

The existence of a strong infra-red absor])tion for water at about 1 00 cm.' ' 
has been found recently by Cartwright.-- In a h\ter note in Na/itirr^ Cart- 
wright has reported that DoO also shows a strong infra-red absorptitm in 
practically the sanie region. These results fit jn vi*ry well with tlu^ author's 
observation that the corresponding Raman band in the case* of IIJ) and DyO 
are practically in the same ])osition. Cartwright originally atlributid the 
infra-red band in the case of 11.X) to a hindere d rotation of the w ater molecules. 
Support for the view that tlu* molecules in a liciuid exist in a riuasi-crystal- 
line state is forthcoming from ilivers sources. Recently Debye-* has adduced 
strong evidence to show that the rotation of llu* di])ole through IM)' C. in the 
case of H.2O would produce a potential energy of about 10 AT. If we adopt 
this value and calculate the frequeiA;y of hiiidereil rotation about the axis 
perpendicular to the plane of the molecule (assuming the oscillation to be 
approximately harmonic), wl* get a value of 2(M)cm. * 

However, such a simple calculation leaves unexjdained the observed 
fact that the frequency of the band is ])ractically the same in the case of 
HgO and TKO. If the origin of the band is to be sought for in the rotation 
of the individual dipoles, it follows that the fretiuency of the band ought to 
be affected by a factor \'2 when w'e pass from H3O to I)./). Cartwright 
has therefore modilied his original statement, and has attributed the infra-red 

P. M. Morse, rhys. 1929, 34, 57. 

C. IT. Cartwright, Xotiirc, 1935, 135, 872. 

C. ir. Cartwright, Xalitrc, 1935, 136, 181. 

P. Debye, Pliys. Zeit., 1935, 36, 100, 193. 
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absorption band at 160 cm.~^ to the hindered translation of the liquid 
molecules, in which case the change in frequency from HgO to DgO would be 
small, in conformity wdth the experimental result. \Vc may point out that the 
difficulty of attributing the band to hindered rotation of the molecules might 
be overcome, if it be assumed that the rotating entities are not the 
individual molecules, but the polymers of HgO and DgO respectivel 3 ^ The 
knowledge of the state of polarisation of the band would most probably 
throw light on its origin ; measurements are now on hand for this purpose. 

In conclusion, the author wishes to record his respectful thanks to 
Professor Sir C. V. Raman for his kind interest and helpful guidance in the 
course of the present investigation. 

5. Summary, 

The Raman si^ectrum pf heavy water (D 2 O) photographed with a Hilger 
two-prism spectrograph shows a strong band with three iinperfecll}^ resolved 
components whose frcipienc}'^ shifts are 2363, 2515 and 2662 cm.-’ Besides, 
a sharp band with a frequency shift of 1235 cm. ^ with a feeble companion 
at about 1110 cm. has been recorded, and a strong low frequency band 
Ai'--175 cm.-’ The triple .structure of the i)rincipal band as well as the 
existence of the other two bands has been noticed for the first time. A 
coni])arative study of the Raman spectra of II 2 O and 1)20 has been made 
and many points of similarity noticed. Purely from Raman data, it is shown 
that the valency angles and force constants do not alter much as one passes 
from ITgO to DgO. It is pointed out that the triple structure of the principal 
band is ])robably due to the fact heavy water is also jjolymerised similar 
to H 2 O. The low fre<iuoiicy band appears to be intimately connected with 
the nature of the liquid state. 
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RAMAN SPECTRUM OF DEUTERIUM : I. 
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/. Introduction. 

In two earlier papers (Bhagavantani, 1932), the author studied the Raman 
sj^ectrum of ordinary hydrogen in all its aspects in great detail using a 
specially constructed high pressure gas tube as the container for the gas. 
It is felt that these investigations should be extended to the case of heavy 
hydrogen as of all the other molecules that are •amenable to such studies, 
it comes next in simplicity. The nece.ssity of making a complete experi- 
mental survey of the Raman spectrum in such a case so as to include all 
the important features such as the intensity j'clationships, polarisation 
characters and fine structure of the lines, need not be overstres<ed here. It 
may, however, be pointed out that ordinary apd heavy hydrogen constitute 
the only two cases which may be expected to furnish unique exj)erimental 
evidence on a variety of points in favour or otherwise of the existing theories 
of the Raman effect. This, of course^ is intimately connected with the 
very low moments of inertia and the sinqdicity of structure of these molecules. 
The present paper is tlie first of a series dealing with the Raman siiectrum 
of deuterium which the author proposes to publish and contains the preli- 
minary results obtained in this direction. 

0 

2. li.' fierimcntal. 

Preparation of Devterintn . — Thu following procedure is adopted for 
prei)iiring deuterium under high pressure. About 5 grammes of heavy water 
supplied as 99-5% jmre by the Ohio Chemical and Manufacturing Company 
is further purified by slow distillation in an evacuated and scaled double 
bulb of pyrex glass. The water thus purified is transferred to a thin wall 
glass capsule. The glass capsule is sealed off and carefully inserted into 
a specially prepared .steel bomb. About 0 grammes of s<xliuni and a small 
steel hammer are introduced into the bomb which is then closed. Through 
a pin valve comiected to the»bouib all the enclosed air is removed thoroughly 
by means of an efficient oil pump, till a manometer connected in the circuit 
showed that any air that may have been left inside the bomb is only at a 
pressure of a fraction of a millimeter. The piu valve is then dust'd and the 
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steel hammer dropped, by suitably tilting the bomb, on to the water bulb. 
The bulb breaks and the water at once reacts with the sodium thus generat- 
ing deuteritim inside the bomb at a liigh ])ressiire. The \ olumc chosen for 
the bomb is such that the above fpiautities of heavy water and sodium 
have generated a pressure of about 100 atmospheres. The reaction is 
almost instantaneous and is aeeompanicHl by the evolution of a large quantity 
of heat. The total volume of the deuterium generated is about 3 litres at 
atmospheric pres.sure. 

The gas is then allowed to coo! and is transferred into the experimental 
tube designed for a study of the Kanian effect in gases at high pressures and 
described by the author in the earlier i)apers already referred to. The con- 
necting tubes used in transferring the gas and the experimental tube are 
thoroughly evacuated beforehand through pin valves. In this way the 
experimental tub(' is filled with fairly pure (nearly 100%) deuterium at a 
j)ressurc of about 17 atmospheres. 

Exposure.— bight from a six-inch quartz mercury arc is condensed by 
means of a large glass cojidcnser on to the gas tube. The scattered light is 
focussed with a short focus lens on the slit of a llilger '1 iirism glass si)ectro- 
graph of hi.gh light gathering power. Tsing a slit width of 0- 05 mm. a 
conliimous exposure of about 72 hours is found necessary to record the Raman 
spectrum with reasonable intensity. Oolden Isozenilh plates have been used 
for photographing the spectra. 

3. Results. 

Table 1 gives the various lines rwordeil and measureil in the Raman 
spectrum of deuteriiim in the ]»resent investigation. The plate shows other 
feeble lines which are not inelude<l in, the table and tlic.se will be measured 
and interpreted in subsequent communications after obtaining more intense 
photographs, l-igs. (a) and (b) in the I'lates. arc respectively the Raman 
spectrum of deuterium and a iiiicrophotometric record of the same. The 
transitions are given for some of the rotation lines that arc easily seen 
in the reproductions. \'.R. indicates the \ibration Raman line excited 
bv A 401 <). The microphotometric record is confined only to the rotation 
lilies in the neighbourhood of A 4358 and is intended to exhibit the 
approximate relative intensit;-s of these lines. The most remarkidfie feature 
s the alternation of intensities, lines representing tramsitions between even 
rotational (piantum numbers being stronger than those that rei)rcsent transi- 
tions between odd rotational quantum numbers. The nearly equal intensity 
of the 0— >-2 and the 2->4 Hues may also be noted and is of special 
significance. 
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TaBI,Iv 1. 

Raman Sped mm of Deuterium. 


Wave-length 

Approx. ki;l. 
Intensity 

Kxciting line 

Frequency 

shift 

(,)uantuni 

J 

transition 

// 

4 KOI -27 

2 

4016 

2992 • 7 

fO >0| 

1 ->1 

1 Pic. 1 

0 >I 

4484-13 

1 

1358 

613-5 

1 >6 


4101.58 

1 


530.8 

3 >5 


4438-69 

5 

?» 

415.2. 

2 >4 


1415-58 

3 


297-4 

1 >3 


4392-74 

5 


179.5 

0 >2 


1324-77 

0 

>> 

-178.1 

2 -> 0 


4302-54 

0 


--297.5 

3 -> 1 


4115-67 

4 

1046 

414-9 

2 -> 1 


4096-02 

3 

:> 

298-4 

1 ->3 


4018-01 

0 i 

i 

IJ 

-175- 1 

2 >0 



4. Discussion of Results and their Comparison icith Theory, 

(a) Frequency Shifts and tl^e Molecular Constants. — The Kniiiai] spectrum 
of deuterium at a pressure of 2-5 atmos]dieres has been investigated by 
Anderson and Yost (1935) recently using A 2537 of mercury as the exciting 
radiation. These authors have reported two rotation lines having frequency 
shifts of 179*6 and 298*3 and a vibration line having a frequency shift 
of 2989-5. These figures are in satisfactory agreement with those obtained 
by the author. In the present investigation use is made of A 4358 as the 
exciting radiation and it has been possible to record several other rotation 
lines and some antistokes lines as the gas is obtained at a nuieh greater 
pressure. Hitherto there existed no direct experimental evidence for the 
molecular constants of deuterium. These have been derived by Urey and 
Teal (1935) only indirectly by making use of the data available for the Hg and 
HD molecules with the help of the usual relations between the constants of 
A7 f 
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isotopic molecules. Anderson and Yost have shown that these constants 
satisfactorily ])rcdict the positions of the two rotation lines o])served by 
them in the Raman spectrum of deuterium. This agreement may be 
regarded as the first direct experimental evidence for the molecular constants 
of deuterium but cannot be considered complete as the anharmonic constants 
and the small correction terms do not make themselves felt appreciably until 
we reach large rotation quantum iiuiiil)ers. The fact that in the present 
investigation, five lines have been recorded and measured, enables us to make 
the comparison much more complete and the results prendde a most satisfac- 
tory conlirmation of the constants derived by Drey and Teal. The rota- 
tional energy of a diatomic molecule in a .specified electronic .state and 
zero vi])rational state is given by the following e(|uation 

111 this c( Illation J is the rotational quantum numlier and R,. is the moment 
of inertia of the moUn'iile in a state of vibration of infinitesimal amplitude 
and is related to the, moment of inertia of the molecule in the y.ero vibra- 
tional state by the ec pi at ion 

J' + j 

The other constants are all small and enter only as correction terms. Assum- 
ing, in accordance with Vrey and Teal, that B,. r‘10-450; a,,. 1 -0858 ; 

y-0-01713; 8 ---0.00115; 1),.-0.01121 ; /3- 2 .1^9 x 10-\ the rotational 

energies ])crtaining to the various J values arc calculated from (1) and the 
frequency shifts of the Raman lines 0 -^2, l-^ll, etc. are deduced. These 
are given in Table 11 along with the frequency shifts observed in the present 
investigation for comparison, v^ince the antistokes rotation lines and those 
excited by A 4010 are sonicivhat weak, in giving the figures in Table II, only 
the lines excited by A 1358 are taken into consideration. 


TabiJ' II. 

Comparison u ith Theory. 


Transition J : o 2 

1 -> 3 ! 

1 1 

2 >4 

3 -> 5 

1 

4 “>(> 

Observed frequency 179*5 

297.4 

-415.2 

530-8 

643-5 

Calculated frequency i 179-1 

297. 7 

1 

411.9 

530.3 

643-6 
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TIk* excellent agreement between the twn sets of values np to llie fifth 
rotation line nuist be regarded as a satisfactory coiiliiniaticii of both the 
main iiioleciilar constants and the correction terms as well. 

(6) Relative Intensities of the Rotation Lines, Spins and Statistics of the 
Nuclei. -I'roin observations on the alternation of intensities in tlu‘ a 
bands of denteriniii, bewis and Ashley (I9:^:i) have concluded that the nucUais 
of deuterium obeys the hjiistein-Hose statistics, and that the spin caniKd be 
zero. Murpliy and Jolinston (I9:f l) working on the 1‘nlcher spectrum of Do 
have concluded that the statistical weight of the symmetric states is twice 
that of the antisymmetric states. This would mean that the span of the 
deuterium nucleus is 1. These results imlicate that in the Raman .sjiictriim 
of deuterium, unlike the case of ordinary hydrogen wIkjsi- nuclei obey the 
hermi-Dirac statistics, the lines rejiresenting transitions between even rota- 
tional ([uantum numbers should be stronger thaif those that corrcsiioiid to 
transitions between odd rotational (piaiitum numbers. This is most satis- 
factorily conlirmed in the present investigation as may be si‘en from h'igs. 
[a) and {h) in the Plates. The formuhe originally, developed by ^lamiebaek 
(19110) and subse(|uently also given by Placzek (19:M) for the relative intensi- 
ties of the rotational Raman lines in the cas<; of a diatomic molecule are 
made use of in calculating the intensities given in Table TIT. It is assumed 
that molecules wdth even rotational (luantum nunil.)ers have a statistical 
weight twdee as large as that ])f)sse.ssed by those having odd rotational 
quantum numbers. The calculations are for a tem])erature of ;5l)‘' C. and 
assume that =29 -9 Hi. 

Taiux ITT. 

Calculated Relative Intensities of the Rotation Lines. 



1 



r 1^ Si iif s : 


R R Serifs 

: J->J +: 

Transition 

■“ f 

Intensity 

'IVan'^ition 

TntL*nsit> 

2->0 

0.571 

t )- >2 

l-33.'5 

;i->i 

0-220 


0-901 

l->2 

0-202 

2 >1 

1-407 


• 

; 5->5 

0-407 



l ->0 

0-222 



5 >7 

0-020 
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The figures are only relative and have no absolute significance. It is easily 
seen from the pictures that the relative intensities experimentally obtained 
are in qualitative agreement with the above figures. The fact that the lines 
0-^2 and 2 ->4 are to be expected tobeof nearly the same intensity, both 
being more intense than 1 — ► 3 is beautifully confirmed in the microphoto- 
metric record of Fig. (6) in the Plates. The intensity distribution amongst 
the various lines is a very exceptional one and has not been observed in any 
of the Raman spectra so far studied. 

(c) The Vibration Line and Its Fine Structure , — The vibration line n : 0— ►! 
should consist of several fine structure components arising from different 
molecules belonging to different rotational states. The spacing of these 
may be calculated using the constants given by Urey and Teal. In the 
present investigation, however, the resolution employed and the exposure 
given are sufficient only to bring out the strongest of these components and 
a detailed calculation of the positions and the relative intensities of these 
components is therefore postponed to a later communication. The strongest 
line should have a frequency shift of 2991*2* and the observed value of 
2992*7 is in good agreement with this figure. Anderson and Yost have 
given 2989 *5 for the frequency shift of this line. 

5. Summary and Conclusion, 

The paper describes the results of a study of the Raman spectrum of 
deuterium at a pressure of about 17 atmospheres using A 4368 of mercury 
as the incident radiation. 

Rotation lines having frequency shifts i 179 *5, d:297*4, 416*2, 530*8 
and 643*5 and a vibration line witli a shift of 2992*7 have been observed. 
These shifts are in excellent agreement with and provide for the first time 
a direct experimental confirmation of the molqcular constants given by Urey 
and Teal for the D* molecule. 

The relative intensities of the rotation lines are in agreement with the 
fact that the deuterium nucleus has a spin of one unit and obeys the Bose- 
Einstein statistics. States characterised by even rotational quantum 
numbers are given a statistical weight twice as large as that of those having 
odd rotational quantum numbers. 

The intensity distribution is in qualitative agreement with that predicted 
by the theory developed by Manneback for thfi rotational Raman scattering 
in diatomic molecules. 


* See T. P. Anderson and D. M. Yost, loe, eit. 
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A more detailed and quantitative investigation of the intensity, fine 
structure and polarisation characters is in progress and will form the subject- 
matter of a further communication. 

In conclusion, the author desires to express his grateful thanks to Sir 
C. V. Raman for his kind encouragement and a loan of the hcavj^ w atcr used 
in the present investigation. 
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/. Introduction. 

In ail earlier paper in this Journal* the author had described the results of 
a study of the Raman spectrum of deuterium. vSubsequent to this, a 
particularly intense picture of the .scattered spectrum is obtained using the 
same sample of the gas as in the previous investigation with a view to 
complete the work in all its aspects. This photograph, besides showing the 
Raman lines of very intensely, is found to exhibit another feeble scries 
of lines excited bj' A 4358. Measurement revealed that these have their 
origin in the ITD molecules. The extreme feebleness of the lines in compar- 
ison with the n.j lines indicates that the 111) molecules are present in a 
very small proportion in the sample under investigation. A search is made 
for tlie well-known Raman 'lines of the Hg molecule but none has l)ecn 
found. It may, therefore, be concluded that the sample contains no 
appreciable proportion of IIo molecules. In the present paper the results 
of the measurements relating to the II D series of Raman lines arc given. 

2. Results. 

Tahi.ic I. 

Raman Spectrum of Hydrogen Deutcride. 


Wave-ltiiigtli 

Kxiiting line 

1 

! Approx, rfl. 
iiiU-nsiiy 

ul)S( 1 

! tiikulatud 

'rransiliuti 

J >J' 

1470.0 

4358 

0 

(ilS 

614.8 

2 -*> 1 

1443.0 

11 

I 

A 

112 

412.1 

J - >3 

1 100.6 

11 

0 

267 

266.5 

0->2 

1308.7 

11 

0 

-261 

11 

2->0 


The lines having frequency shift of 442 is the strongest of the scries and the 
corre.sponding line excited by A 4046 is also seen and measured on the xdate. 


* See page 303 (»f this imnibcr. 
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3. Discussion of Resulis. 

jeppesen^ (193-1) and Hcutlcr and Mie- (1934) have analysed the bands 
due to the HD molecule in the ultra-violet. Urey and TcaP (1935) have 
recently given the following constants for the normal state of this molecule 
in order to account for the experimental data of the above authors. 

B,=45.G5-49; a=l-9928; y=0. 03850; S-a)-00317; -l),--=0.02602; 

/3--=6-5Sx 10-4; Iv ^2-19xl0-\ 

These constants arc used in calculating the frecpiencics of the various 
rotation Raman lines 0- >2, 1— >-3 and 2— > I as in the foregoing paper and 
the results are given in Table I for comparison. The agreement between 
the observed and calculated frequency shifts is very satisfactory in view 
of the extreme feebleness of the lines. 

Another outstanding feature of the spectrum is the absence of the 
phenomenon of alternating intensities. The intensity rises to a niaximnm 
at the second rotation line corresponding to l->3t and then falls oil. Ihis 
is in accordance with what may be expected as the molecule is composed of 
unlike nuclei. The relative intensities of the rotation lines that are to be 
expected on the basis of Hanneback^s expressions (Manncback,'' 1930) are 
calculated and given in Table II. Same statistical weight is assigned to 

Tabi.K II. 

Calculated Relative Jnlensilies of Hie Rotation Lines. 


j’rsiiirs 

KK Strit-s 

J >J 

*> I 

1 

J- i 2 

Tran>ition 

InU-nsiiy 

'rr.in.''iiiou 

•_ . .1 

InUiiisily 

2 > 0 

0.1S8 

0 > •-* 

o-ooo 

1 



3 -> 1 

0.095 

1 > 3 

0*780 



2 -> 1 

0* 183 



3 > 5 

O-ITO 



■ 1 > (» 

! 

0-010 


‘ C. \i. jeppesen, Phys. Pcv.. 1934, 45. 480. 

H. Bcutler and K. Mic. Wituruuss.. 1934, 22. 418. and su1,so<,iK-nt papers. 

• IT. C. Urey and 0. K. Teal. AVt'. /V/y-v.. 193.\ 7, 34. 
t It may he noted that in D.., this line is weaker th.i,i the l.rsl rotation hue 0 >2. 
4 C. Maunehack, /. /. Phys.. 1930, 62. 224; and 65, 574. 
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both even and odd rotational states. The calculations are for a temperature 
of 3()®C. and the value of Bq is taken as 44*67. 

The fact that the intensity reaches a maximum at the second line and 
then falls off is nicely confirmed. A more detailed comparison is not at 
present possible owing to the feebleness of the lines. The stokes lines 
represented by 3 -->5 and 4 6 and the antistokes line 3— >1 have not 
been recorded. 

In conclusion the author desires to express his grateful thanks to 
Sir C. V. Raman for his kind interest in the work. 

4, Summary, 

Using A43r)8 as the exciting radiation, frequency shifts of 267, 442 and 
618 arising respectively from the rotational transitions 0— >2, 1 ->-3 and 
2— >4 have been recorded ‘In the Raman spectrum of hydrogen deuteride gas. 
The figures compare well with 266*5, 442*1 and 614*8 which are calculated 
on the basis of the molecular constants given by Urey and Teal for the HD 
molecnle. The antistok(?s line arising from the transition 2->0 is also 
recorded. The phenomenon of alternating intensities is not observed and 
the line corresponding to 1 ~^r3 is the most intense one in the series as may 
be expected. 
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Selenium (At. no. 3*1; At. \vt. 79-2). 

For pur])Oses of classification of selenium spectra, the arc and spark lines 
of .selenium hav^e been mosll}' excited in tubes of various ty])es with con- 
densed oruncondensed electrical di.schar^e through selenium vapour or between 
aluminium poles tipped with metallic .selenium. A selenium arc either in 
vacuum or in an atmosphere of nitrogen has a^so been employed. Such 
sources however are not suited for hyperfinc structure work, as the lines 
obtained are broad and diffuse. Moreover most of the prominent arc lines 
of selenium lie either in the near infra-red or in. the extreme ultra-violet, 
thus rendering their analysis by high resohing ])ower apparatus sj^jecially 
difficult. Some intense spark lines of seleniimi lie in the visible region ; 
but under the conditions employed for their emission in discharge tubes, 
the broadening of the lines renders such sources un.suitable for hj^perfinc 
.structure .study. The aiiparatus used, the essential part of which is a water- 
cooled hollow cathode, is the same as that em])loyed by Prof. V enkatesachar 
and the author in their inve.stigatioii on the isotojnc constitution of ])latinuni.’ 
The .selenium powder took the place of the platinum foil in tJie tubular space 
of the cathode (PI. XV, Fig. 1). Ihn cx])eriment.'^.l details the above paper 
must be consulted. * 

Of the seventeen lines of selenium here examined, only two arc arc lines 
and the remaining fifteen belong to the first spark spectrum of selenium. 

vSe T T.INES. 

A in A . 1 J . ! riassifieal ion 


4739 -03 

58(*?^) ^8,-- 

4730-79 

• 

5.s(^S) 


* An oral conirminication of the main rcsiilt.s contained in ihi.s paper was made at the 
Meeting of the Academy on 19tli June 1935. 

1 Vcnkatesachar and Sibaiya, Proc. I ml. Acad. Set., 1935, 1, 955. 
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The spectral classification of the arc lines is taken from Meissner, Bartelt 
and Eckstein.* 

Thc‘ sjjark lines here analysed are listed below ; they have been classified 
dlllcrcntly by Bartelt® and Krishnamurthy and Kao®: 

Se II WNKS (Ain X.U.). 


5:^05 .4L 

5143.15 

4840 -01 

5253 -(>9 

500S .07 

47(>.3 •(((> 

5253 .13 

4992 .88 

4048 -40 

5227 .53 

1975.70 

4018-75 

5L75.07 ' 

4814.98 

4002 -.82 


All the above Se I and Se II lines are sharp and sini'le (IM. XV, Eig. 2). 
Selenium, according to Aston, has the following isotopic constitution : 

Mass number .. .. 7-1 7G 77 78 80 82 

Percentage abundmice * .. 0"9 9 -5 8-8 24 -0 48 >0 9-8 

The oven isotopes of selenium amount to 91 -7% ; the single odd isoto))e 
Se 77 is present only to the extent of 8-:l%. It is therefore difficult to ob- 
serve the components arising from a ,s])litting of the gross multiplet levels 
due to a nuclear spin in Se 77. In each of the lines examined the observed 
component is to be ascribed to the even isotopes nhose total abunrlance is 
91-7%. Ivveii isoto])c displacement, if any, could have been detected be- 
cause Se 80 (48%) is twice as abundant iis Se 78 (21"'„), tlie otlier two Se 70 
and Se 82 being nearly ecpially abundant (9-4%). The absence of structure 
revealed by the lines indicates that none of the levels here observed shows 
any even isotope dis])lacenient and that all the even isotoi)es of selenium 
have nuclear sjfins ecpial to 0. P'roin an examination of two lijies in the 
arc spectrum «)f selenium Rafalow.ski' lias come to the same conelusidn. 
Though the absence of structure leads to tlie conclusion that the nuclear 
magnetic moment of Se 77 is small, there is however a faint component 

1-0 •098 cm. ' ?) that accompaiues 5227 -53 A, a fact which can be most 

simply explained by ascribing a nuclear spin of -i t‘> the odd isotope 77. 

2 Mi-i.ssiier, tic.. /. I’hysil:. 19.14. 91. 432. 

•* Oartelt, Xeils. /. Physik. 1934, 91, 450. 

■' Krislmaiiiiirtliy and Itao, I’roe, Hoy. Soc., 1935, 149. 56. 

'• Ratalowski. .Ida I’hy.iica Polonica. 1933, 2, 119. 
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Palladium (At. no. 1(5; At. wt. 10(5 -7). 

Since the isotoiiic constitution of ijulladiuni b>- the niass-s|)cctrograj)li 
method has not been iound.t the hyperline structure of the iralladiuiu lines 
is here studied with the object of detenuining, if jjossible, the isotopes of 
palladinin. A thin palladium foil+ is introduced into the hollow cathode, 
which is excited by a D. C. J kilowatt generator with a discharge current 
of 200 niA at 1700v. The following arc lines were analy.sed ; the classi- 
fication of the lines is taken from Shenstone®: 


I’d I LINKS. 

Ain A.U. 

Clnssirication 

;52I2*72 

5s * 1 ) 3 — .5|> “D"* 

:p2rA .(hi 

5s »!),— 5]> ’1",' 

:m‘2-ir» 

5s 31 ) 1 - 51 . »I)J , 

:vi()i .(io 

.5s 3 |) 3 -. 5 |. »k;’ 

• 

:U‘21.‘2I 

5s — 5|) 'Hly 

H m . 1 1 

5s i|),— 5i> »|*V 

.Till- 10 

r)S U),-~5i) iDij 

;U(i0.7(i 

:)s =* 1 ) 3 — 51 ) 

;ii.si..i7 

5s =*i)i— 5|) =*f:; 

f 

;uso.7i) 

5s M). — 5}) =*1)'^ 


5s 31),— 5i) =*i”; 

;jr)ri;Mo 

5s *!),-5i) >K!; 

:R)0a 

5s 31),— 5p 3 f:; 

:mi .70 

5s 31)3— 5p 3I>‘J 


^ After this paper was read before tlie Aradeiiiy, Denijisler {\nhirr, 1935, 136, b5) 
reports that his inass-spectrofiraph has revealed six i.Mftopes for pallafliuin witli mas.sos 102 , 
104, 105, 10(), 108 and 110: the four middle i.solopL■^ are ahoul e«iirjlly alnindant, while tlie 
less ahundaiit IMllO is more aliimdant than I’d 102. 

J Kindly lent hy Sir C. \ . Raman, Kt., i*.R.s.. n.t,. 

Shenstone, Phys. Krr., 1930, 36, 6^9. 
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None of the lines above shows any isotope displacement of the even isotopes. 
It lias therefore not been possible to determine the even isotopes of palladium 
or their relative abundance. A study of the known isotopes of elements 
in the neighbourhood of palladium shows that an odd isotope of mass number 
105 should be expected to exist in palladium. Though most of the lines 
here examined are single, the existence of a close com])oncnt ( — [-0 • 1 00 cm.~') 
in. a few lines renders it probable that the isotope Pd 105 with an abundance 

of the order of 15% has a nuclear spin absence of structure 

however indicates that the nuclear magnetic moment of Pd 105 is small. 
These observations in selenium and palladium support the conclusion that 
all nuclei with even atomic number and odd mass number have only small 
positive or negative magnetic moments.’ 

Gold^{Kt, no. 79; At. wt. 197 -‘i). 

Krisch® has concluded that the re.sonance line of gold A 2670 a 
is single ; RitschV-* finds on the other hand that the two resonance 
lines A 2076 A and 2128 X (0®Sj -O'^PJ ,#) are each double. The satellites 
are observed at -!-0-22'l cm.-* and at +0*221 cm.-* in the two lines 
resj^ectively. The c‘xistcnce of this structure has been attributed by Ritschl 

to a nuclear spin of -2 Since the two above lines are resonance lines, 

self-absorption in the sourc'C by normal gold atoms can produce a doubling 
of each of the resonance lines. The present work has been undertaken with 
the object of deciding between the.se conilicting re.suUs ; it has been definitely 
shown that Ritschrs analysis of the resonance lines is correct. Wiilff*" has 
reported that his results agree with those of Ritschl ; but it has been re- 
marked that a nuclear spin value of ^^satisfies the interval rule better in a 
number of levels. In the ])re.scnt work the lines involving levels known to 
show isoto])e shift in the isoelectronic Hg II .spectrum** arc analysed, and 
it is concluded that gold consists of a single isotope of mass 197. 

A hollow cathode made from a sheet of copi)er-g()ld alloy (containing 
about 9 *5% gold) was first employed. A 2676 A exhibited two components 
of nearly ecpial intensity ; the ])ossibility of this doubling arising out of 
self-reversal could not be ruled out. Hence the water-cooled hollow cathode 
previously described^ was goid-])latcd on the iiuside ; an examination of 
A 2676 A revealed again the same two components. If the ob.served doublet 

c 

7 Grace, Phy::. Kcr., 19.11, 44, .102. 

Frisch, /cits. /. rtiysilc, 19.11, 71, 92. 

» Kilschl, Xaturu'iss.. 1931, 19. f»9(). 

10 Wiilff, Phys. AVi-.. 1933, 44, 512. 

11 Vciikatcsacliar and Sibaiya, Proc. Ind. Acad. .SVi., 1934, 1, 8. 
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structure is not caused by any reversal, it was argued tb.at under suitable 
conditions of excitation each of these coiiipoiiciits would be re\'crsed and 
four lines could be observed. A thin golrl sheet was 1hen‘fore introduced 
into the hollow cathode and a discharge current of 200 iiiA at 1000 v. from 
a I). C. 1 kilowatt generator was maintained. PI. XVI. h'ig. 4 shows the 
doubling of each of the two real components of A 2070 a due to self-reversal 
in the source. Thus it has been established that A 2070 a of gold consists 
of two components, ?»/«., O-OOO and 1 0*223 cm. b with an intensity ratio of 
about 3 : 2. The satellite se])aratioii has bucn computed from all tlu‘ above 
methods, including the one giving self- reversed com]Kments .^2 

The nucl(‘ar spin of gold has to be deduced from the intensity ratio of 
the components ; it is however dillicult from visual estimates of intensities 
to decide between the nuclear .sj)in values and which demand the 
intensity ratios to be 1 -07 and 1 *'10 respectively.* The balance of evidence 
is ill favour of the value because the following lines involving the meta- 
stable level 5dMJs^ -I) ^ have the a])pearance of incompletely resolved Hag 
patterns containing four comiKments ; nuclear, spin values of and 
should yield four and six components respectively. 


A in A.U. 

dassilication 

Total width 
ill cm."^ 

Interval 
factor of 

3029 -22 

5d” O.s® “0 ., — 5(1'* O.sOp 

•1’ i 

0-1 ('.:j 

’ 0 -OlS cm. 

2748 .20 

5d® (i.s- -I);, — rnP OsOp 

■ 0 • Ui") 

j 

! 

i 


The liyperline level.s in are inverfcTl. 

One would expect that jf gold .should consist of two isotopes 1D7 and 
199 as is suggested from its chemical atomic weight, the above lines should 
show the structure patterns due to the tw’o isotojies sej^arately. This is ne- 
ce.s.sary because the od” (j.s- -D* level in the isoelect ronic .sjjectnim of Hgll 
shows large isotopic displacement. The idiotographs of the hyjjcrline 
structure patterns of A 3029 a and 2748 A are so wcdl exposed that even if 
All 199 should exi.st to the extent of about 5% its presence could not have 
escaped notice. It must be concluded that gold con.sists of a single iso1o])e 
of mass 197 and that its accc]>ted chemical atomic weight is too high. 
Further support to this conclusion is given b}- the fact that an odd isotope 
of an clement with odd atomic number has no iso])are in appreciable quantity ; 

Sibaiya, Vroc. Ind. Acad. Sci., 1934, 1, 321. 
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An 199, if it slionlcl exist, would be an isobare with Hg 199 (Hi -45%). The 
following table gives the ])erccntagc abiiiidaiicc of isobares with odd mass 
numbers in the heavy elements. 


At. -No. 

Klf- ! 
ment 

IVre< 

iMiiage libiindance of odil isobares 

75 

He 

1«7 ((>! .8%) 



1 

1 

1 

70 

Os 

187 (0-li%) 



1 

i 

79 

All 


l»7 (100%) 


i 

1 

1 

SO 

Hg 


197 (0-0l%l 

20.1(0-000%) 


St 

T1 

r 

! 

201 (29-1%) 

205 (70 

S2 

Tb 



201 (0-01%) 

205 (0-01';„) 209 






(0-85%) 

s;i ’ 

Hi 

« 

.... . .. 1 


209 

(100%) 


Thus An 199, if it does exist, must be present to an extent not exceeding 
1% and probably it is entirely absent,* because whenever an element with 
odd atomic number contains two odd isotopes they will exist in comi)arable 
quantities. 


The nuclear factor can be computed from Goudsmit's formula for 
a penetrating s-elcctron^'* : 

■ 8K--* Z,/v ^ K(i, /,)• 

Tortile normal fis-vSj state of gold a — 0 • 1 12 ciif . 1 -214 and K(/, Z/) - 
2-2 ; and the " (1) value becomes 0-i;h) v/hile tJie magnetic moment of the 
nucleus is 0-20. Wliite^^ gives tiie nuclear magnetic moment as J -8 after 
Termi and Segre^® ; Schiilcr'” however obtains the value ()-15 for the g (I) 
factor. ^ly calculated value of O-Th) for the g (1) factor agrees well with 
the theoretical value O-Ki:! of J.ande.^’ Using Goudsmit's formulae for the 


* More recently, Dempster (\ainrr, 19S5. 136, 65) has obtained the same result with 
the aid of his mass-spectrograph. 

(lOiidsmit, I^Jiys. 193.1, 43, 636. 

White, Inlrodiirtiou to Atomic Spectra, 1934, p. 372. 
i'" T'Vrmi and Segre, /.cits. /. Physik, 1933, 82, 729. 

Schiller, /cits. f. Physik, 1934, 88, 323. 

17 Laiidc, Phys. Rev., 1934, 46, 477. 
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/)-clectroiis it is found that the levels ()|) J have total separations 
atnounting to 0-024 eni. ‘ and 0-008 emr’ respectively. These separations 
are too small to be resolved in the lines involving these levels. The larger 
separation ( ^0 - 101 ein."^) with an interval factor of 0-01 8 cm.*’ in 5d® Gs^ 
is consistent with theoretical expectations. 

In conclusion I wish to thank Prof. B. Veiikatesachar for his helpful 
guidance. 

Summary. 

Hyperllnc .structure analysis of some selenium and palladium lines 
shows that non*; of the levels examined reveal any even isoto])e displacement. 
The nuclei of Se 77 and Pd 105 have very small magnetic moments and their 

spin moment is probably 1 . 

Jtt 

The doublet .structure (Ai^ -0-22I cm. ■') oKserved b}’^ Kitsch 1 in the 
resonance lines of gold has been conUrmed by the redoubling of each com- 
ponent due to self-reversal in the source ; this test proves that the originally 
observed doublet .structure does not arise from self-reversal as the earlier 
results of Prisch would suggest. While in the isoelectronic spectrum of 
Hg II the 5d“ Os^ -1)!} level exhibits isoto])e dlsidacemeiit, arc lines of gold 
involving this level point delinitely to the existence of a single isotoi)e of 
mass 197 ; the accepted chciiiical atomic weight is therefore considered to 

be too high. The nuclear spin moment of gold is ij and the ^^(1) factor 
comes out as 0-150 agreeing with Panders theoretical value. 
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THE USE OF ACTIVATED CARBON IN THE 
PURIFICATION OF WATER IN THE TROPICS. 
(THE MADRAS CITY WATER SUPPLY.) 


By T. N. S. UAOirAVACHARi, B.A., 
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P. V. vSlCKTIIARAMA IVKR, M.A. 

{bWom the King Instiiiiic of Preventive Medicine. Guindy.) 

Received August 1, 1935. 

(Communicated by Dr. S. R. Pandit, M.n., b.s.sc., d.ii.) 

Introductory. , 

The use of wood-charcoal and bone-char for clarifying and removing colour 
from liquids and for adsorbing noxious gases is well known. Vegetable 
carbon came into extensive use during the (.keat World War as one of the 
most powerful adsorbing agents for use in gas-masks, as it w/is found to 
possess greater adsorbing jiowcr than bone-char. 

The first suggestion to ii.se activated vegetable carbon for ])urifying 
waters was made by Sauer of the Algcineene Norit Maatscha])pij of Amsterdam 
ill 1920 (I/iddle, 19112). In 1928, linhoff and vSierp of the Rulir Valley 

Union succeeded in installing an activated carbon filter at llaam capable 
of j)roducing 5.\ to 7 million gallons of good potable water every da}". Watzl 
(1929) carried this idea into America but did not succeed in introducing it 
there. Baylis (1929, 19;30tf, id'6i)b, 1931, 1 932 1932 ^) carried out an ela- 
borate study of this material and proved that activated carbon was a power- 
ful agent for removing tastes and odours from drinking water. Activated 
carbon filters are reported to»be functioning well in several cities in Holland 
and Germany. There is one such jdant in efTective use at the water works 
of the vSouth Knd Water Co., in iCnglaiid. Sir Alexander Hoii.ston ( 1 930, 1 93 1 ), 
has also reported very favourably on its use. In America, at the pre.sent 
day, there are over 750 plants that use activated carbon for the. removal 
of tastes and odours. The majority of these plants use iiowdered activated 
carbon, but activated granular carbon filters arc in .successful use at Chicago 
and Dundee, as also in Bay City. 

During the comparatively short time that activated carbon has been 
in use in water purification processes, a very large volume of literature has 
accumulated on the value of the material for removing tastes and odours 
in water supplies. Wc have carefully perused nearly all the published 
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literature on the subject and we give below the more important iindings 
gleaned in our study. 

1. Tastes and odours caused by chlorine, ])lienols, chlorophenols and 
related compounds are readily removed by treatment witli activated carbon. 

2. Tastes and odours caused by decomposing algal and vegetable 
growths are also similarly removed. 

3. The great value of activated carbon in the treatment of drinking 
water lies in its wonderful j)owers of adsor])tion and its remarkable ability 
to remove colloids from water. 

4. It is, therefore, able to effect the removal of tastes and odours in 
contrast to the prevention of the same. 

5. When added with alum to a water, as in the treatment of water 
through mechanical rapid filters, activated carbon greatly assists floe- 
formation and thereby materially reduces the dose of alum. 

(). There is praclicall)^ no taste or odour likely to occur in water supidies 
which cannot be removed by ilic use of activated carbon (Thresh et al, 1 1)33). 

7. It removes colour, free chlorine and metallic imjmrities, sucli as 
lead, iron and manganese. 

Activated Carbon. 

Mantell (1928, 1931) describes at length the ])rocess of manufacture 
and the varied uses to which activated carl)on may be \mt. The raw 
materials from which activated carbon suitabh* for water jmrifleation is 
ordinarily manufactured are lignite, waste liipiors, oil residues, saw dust, 
cocoanut and other .shells and nearly all kinds of wood. Thest* arc carboni,sed 
in closed retorts under I'ontrolled conditions of tcanjieratnre and pre.s.sure. 
The product is an amorphous carbon or optimum density free from .slalnlised 
and adsorbed hydrocarbons. Steam activation is better than air activation 
and 900'' C. to 950^ C. is tiie nuxst suitable teni])erature. 

The excellent results rei)orte<l in the published literature attending the 
use of activated carbon for the removal of tastes and odours in water i^ronipted 
us to investigate the possibilities of a]}j)lying it to the .Madras water su])];ly. 
The city of Madras derives its su])ply of drinking water from the Red Hills 
lake. This lake has an exteiisive catchment area of its own and is also fed 
by another lake which receives its sui>])ly from the Courtclliar river. This 
river drains 910 sq. miles of grazing and inhabited land. The organic 
pollution thus brought into the Red Hills lake is very great. It increases 
with storage— a result which is largely due to the growth and subsequent 
decay of algal forms of life. King, Raghavachari and Narasimha Iyengar 
(1930) showed that 80 per cent, of the organic matter in the lake w^ater was 
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not centrifugeable and so was present probably in colloidal form. The 
average Tidy's figure for organic matter in the lake water is ()-180 ])arts per 
lOQjOOO. As a result of the growth and decay of algal life there is a great 
depletion of the dissolved oxygen in the lower layers of the lake. The average 
deficiency in oxygen saturation in the lake water is about 2(5 per cent. 
(Raghavachari and Oanapathi, 1921)). This is not large. The point about 
the Red Hills lake water is not the oxidisable organic matter, nor the absolute 
deficiency of the dissolved oxygen, but the deficiency of the latter relative 
to the excessive amount of oxidisable organic matter carried. 

Slo\v sand filters were installed at Kilpauk in 19M, for imrifying the 
Red Hills lake water. During the twenty years that they have been in 
existence, they have not produced potable water of unifonn (piality. 
Tastes and odours have always been present in the filtered .supj)ly. Sulphu- 
retted hydrogen is produced in the filters in large (luantities and ])ost- 
filtration growths of filamentous and other low forms of life occur in the 
underground tanks and in the ])ipc-lines. The ])roducti()n of suli)hurctted 
hydrogen in the filters has been ascribed to the aiuerobic conditions and 
])utrefactive processes set up in the underlayers of the filters.* Dey 
and Oanai)athi (19ID) have adduced sonie^ evidence — not convincing 
enough however, to us —that the production of sulphuretted hydrogen in 
the Ma<lras filters is almost entirely due to the reduction of the sulphates 
present in the water by the Spirillum dcsulphuricam. Whether the gas is 
derived immediately from the sul])hate-reduction, or from the excessive 
organic matter, it is still true, wc think, that the aiuerobic condition jirevail- 
ing in the lower layers of the filters due to the relatively large excess of 
colloidal organic matter and the poor content of dissolved oxygen in those 
layers, accounts in a large measure fer the production of sulphuiettcd 
hydrogen. A reduction in the organic content and an increase in the dissolved 
oxygen content of the water as distributed should, therefore, be the aim of 
any measure designed for the improvement of the City water-supply. 

Our experience with activated carbon for achieving this end will, there- 
fore, now be described under two se]>arate headings : — 

I. Experiments on the use of (a) powdered activated carbon and 
(Ij) granular activated carbon, on a small plant scale for the removal of the 
colour, taste and odour found in the filtered (12" v.p.h.) chlorinated water 
supplied to the City. 

II. Experiments on the* use of granular activated carbon (i) as an 
auxiliary medium in a slow sand filter for removing any earthy or musty 

* Reports of the Government Committee on lyatcr and Sen’orje Purificalhn, 1920 to 
1932. 



240 T. N. S. kaghavacharl and P. V. Seetharama Iyer 

taste present in the applied raw water and for preventing, at the same time, 
the formation of odours in the slow sand filter {e.g., H^vS, etc.) and (ii) as a 
contact bed for the removal of colour, taste and odour formed in the process 
of filtration through a normal slow sand filter working at 4" vertical per hour. 

I. Expcmnents on Powdered and Granular Carbon. 

In the summer of 19^1*2, a local Ihiglish firm of aerated water manufactu- 
rers experienced enormous diflicultics in ])roviding a taste and odour-free 
product to their customers, using the municipal sui)ply, which developed 
a ver\f marked taste and odour, such as had not been experienced in previous 
years. The usual practice at this factory was to ])ass the city supply through 
two units (8'x3'xh' each) of sand beds — 3 feet of coarse sand alone was 
used as filtering medium- and then to lead the effluent from these beds 
thrr)ugh two batteries of 12 Herkefield candles each and finally to treat the 
double-iiltcred water with iiltra-\iolct light. In normal years, this system 
was found to work fairly well and to give tlieni a water which was very much 
better than the indifferent City stipply. The troubles met with in 19;V2, 
howev'er, made the linn realise the urgent necessit>' for devising and intro- 
ducing suitable .safeguards in their plant against a recurrence of the trouble 
in future years. The ojjpoitunity was taken ])y the senior autluir to make 
use of the desire and willingness of this linn to ]K-nnit him to conduct, at 
their cost, ex])erinients on ta.ste and odtmr removal by using activated carlxm. 

(a) Poicdered Carbon.- -This firm suggested that he tried the brand of 
activated carbon* for which they had obtained ([uotatioiis. Accordingly, a 
suj^ply of this in ])owder form was obtained about the end of January J9;k‘b 
and experiments starteil. The coar.'^e sand in the filter permitted the free 
l)a.ssnge of the applied carlxm powder, through its entire deptli ; an 18" layer 
of line sand (passing thr<nigh 10 and retained on 10 meshes to the Si{. iiicli) 
was therefore laid on top of the coarse sand in both the units. Tlicse units 
functioned only intermittently, i.e., worked between 8 a.m. and 5 l*.M. on 
week days. Two ounces by weight of powdered active carbon- \\ i).p.m.- 
were sprinkled once a week on .Mondays, on the surface of the w'ater in one of 
the units, tlie other being worked as a control. The results of two sets of 
experiments on the.se lines conducted between 7-2 and 12-fi will 
be found in Tables I and II. 

Noie:--VoT convenience in comparison, we have adopted an arbitrary 
scheme of assessing certain of the more important results by giving numerical 
values to grade them. Unity represents in every ca.se the maximum purity 
attainable and numbers liiglicr than unity indicate a jirogressive order of 

* Jewlcarbon, of Messrs. The Jewell Export Filter Co., Calcutta. 
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demerit. This scliciiie, designed by Tdent.-Coloncl IT. H. King, C.i.K., t.m.s., 
in 1920 has since been adopted by us at tins Institute in our S])ecial research 
reports. It ^vill be reproduced here for reference. 

Items that have been graded (arbitrarily) — 

Colour-Grade." -{\) Colourless, (2) Slightly yellowish, (!1) Yellow, 
(4) Muddy or brown. 

(/>) Clarity-Grade. ‘ (1) Clear. (2) vSlightly hazy, (:>) Hazy, (1) 0])aque. 

(c) Lactose Fermctilers. - Orach^ (1) Absent in OOe.c., (2) Present in 
dOc.c., (.‘1) Present in 20c.c., (1) Present in Idc.e., (/)) PrCwSent 
in 5 c.c. 

(//) Taste and Smell. -Results of tests made each time by different 
intelligent, indejjcndent ob.servers (one or two being constant, 
the rest being variable). (1) A1).sent. (2),\'ague and just noticeable, 
(3) Pronounced eartlij' or musty, (I) Disagreeable, medicinal. 

(f») Presence of Visible Suspended 4/^///tV'.---(Sam]de 500 c.c. drawn in a 
glass tumbler and observed against fransmitted light.) 4 -| or 
|- Present. i Slight. - Absent. 

(/) The figures for albuminoid and free j^immonias and for absorbed 
oxygen (Tidy’.s) in 4 hours represent parts per 100,000. 

(/;) The figure for dissolved oxygen is in c.c. per litre. 

T.\hi,k T. 

Period of test: 7-2-I^3 to 23-2-152. Results [averaiie of 1 tests). 




Wali-r fiDiii 
i Cily Mains 

1 

(.’arbim I'nit 

Control 

Total count per c.c. 

on !X":ir ill. 37” ('. . . 

250 

300 

380 

I Jiictose feniKml ers 

(^•iido) 

2 *2 

3-2 

3-5 

Colour 

(<lo.) 

2-1 

1-0 

2-1 

Clarity 

(.10) 

1 .1 

1 -0 

1 • 1 

Taste and simdl 

(do.) 

.3-0 

1-0 

3-0 

Suspended mattiT 


-f- 

— 


Free ammonia 

(parls por 1.00,000) 

0-002 

0 -001 

0 -002 

Albumiuoid amnion ia (do.) 

0 -021. 

0-015 

0 -019 

Oxygen absorbed 

(do?) 

O-OSO 

0 -OGG 

0-082 

Dissolved oxygen 

(c.c. per litre) 

2 -2 

4 -0 

1-8 

pll (colorimetric) 


7-5 

7-5 

7.5 
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Taui,e II. 

Period of test : 3-3-33 to 12-6-33. Results (average of 18 tests). 


Feed Water fromi 
City Mains 


Carbon Unit I 


Control 


Total count per c.c. 

at 37“ C. 

200 

100 

150 

Lactose fermenters 

(grade) 

2-3 

1-2 

3-7 

Colour 

(do.) 

2*8 

1 -0 

1-7 

Clarity 

(do.) 

1-5 

1-0 

1-2 

Taste and smell 

(do;) 

3-0 

1-0 

2-0 

Suspended matter 


-1-- 

— 

± 

Free, ammonia 

(par* 8 per 100,000) 

0-004 

0 -001 

0-001 

Albuminoid ammonia (do.) 

0-017 

0-012 

0 -oil 

Oxygen absorbed 

(do.) 

0 -099 

0 -0(>(> 

0 -080 

Ois.solved oxygen 

(c.c. i3er litre) 

2-5 

1-7 

1 -0 

pH 


7-5 

7-5 

7-0 


The results of these preliminary tests showed that the use of powdered 
activated carbon effected great ini|;rovement in the {esthetic qualities of 
the water and at the same time brought about a noticeable reduction in the 
organic and bacterial content of the water ^as compared with the control. 


It became necessary to add })Owdcred carbon to both the units as the 
firm could ill-afford to run a control indefinitely, when taste and odour 
troubles were becoming accentuated in the summer months. 


In the next experiment from 20-C-1933 to 5-9-1933, powdered 
active carbon was added every day at the rate of J oz. to each of the two 
units by the sprinkling method. The dose worked out to between 3 and 
3-5 p.p.in. The results of this experiment ifi Table III w^re confirmatory 
of the i)revious findings. 

In May and again in September 1933, when the beds using carbon were 
stopped arbitrarily for cleaning, it was found that the carbon powder had 
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Tabu? III. 

Period of test : 2()-G-33. Results ((tvera^^e of 20 tests). 



! 

i , 

1 \V liter from 

t!ity Mains 

v.r. 1 

Carbon I'nit 
Old 

2 

' Carluin Unit 

1 iN cw 

Total count on agar at 37^ C. 

120 

00 

130 

Lactose hn’iniMiters 

feratlo) 

2*7 

1 -3 

2 0 

Colour 

(.!<).) 

2 -S 

1 -0 

1-0 

Clarity 

(dr..) 

1 d) 

l-O 

1-0 

Taste and smell 

(do.) 

» 

3-5 

1 -0 

1-0 

Suspended matter 


i -1- 

• 



Fhmj ammonia 

(parts per 100,000) 

1 O-OO.V 

t) -OOL* 

0 002 

Albuminoid ammonia (do.) 

0 4)22 

0.012 

0 013 

(Ixygen absorlx'd 

(do.) 

OdLS 

0 -OSO 

0 .091 

Dissolved oxyg(‘ii 

(c.c. ])(»?■ lit r(‘) 

2 • I 

1-S 

1 .0 

1)1 r 


7-0 

7 *5 

7 *5 

])enctrated down only to within an inch 

iiid a half of the to]j fine i 

sand layer, 


but our attempts to recover tlie earbcfti from tlie a1)o\'e layer were inisuceess- 
ful. We concluded llial the use of ])owdered ciiri)oii would therefore be 
less economical in the long fun than grannlar carbon, if the latter, which 
was reputed to last for 3 to 5 years, could be relied ui)on to yield e<|iuilly 
gf)od results. 

(/;) Granular Accordingly a comparison was made 

using po\vdered carbon on one ])ed and granular carbon on the other. Smit 
(1933) ill Alblaserdam, found a thin layer of granular carbon l.\" thick, and 
sandwiched lietween two layers sand in a sand lilter to give very good 
results. It was decided to copy that plan in one of the units. A thin layer 
of granular carbon 1" thick was sandwiched between (5" and 12" of fine sand 
in one of the two units at the factory and the other unit was fed with the 
powder as in the previous experiments. The results obtained will be found 
in Table IV. 
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Tablk IV. 

Period of test : 14-9-33 to 4-10-33. Results (average of 8 tests). 



Feed Water from 
City Mains 

P.C. 2 
Powder 
Carbon 

G.C. 1 
Ciraniilar 

Totiil count on agar 

at 37“ C. 

100 

70 

110 

Lactose f(*rniontors 

(grade) 

2-4 

1-9 

2-0 

Colour 

(do.) 

2-8 

1-0 

1-0 

Clarity 

(do.) 

1-2 

1-0 

1-0 

Taste and smell 

(do.). 

3-0 

1-0 

1-0 

8uspcn(l(*d matter 


+ + 

.... 

- 

Free ammonia 

(parts per 100,000) 

0-004 

0 *002 

0-001 

Albuminoid ammonia (do.) 

0-030 

O-OIG 

0-012 

Oxygen absorbed 

(do*.) 

0-157 

0-080 

0-060 

Dissolved oxygen 

(c.c. per litre) 

1-9 

4-4 

4-8 

I'H 

1 

'1 

7-8 

7-8 

7-6 


These results show conclusively that the granular carbon bed yielded 
a filtrate which was su])erior to the powder-fed liltcr in every respect. The 
added ach antage of not lia\'ing to me;3S about with the powder every day, 
lent weight to our decision to use granular carbon in both the units. The 
second unit was accordingly relaid after a thcKough cleaning, and the final 
experiment carried out between October 1933 and March 1934. The results 
given in Table V show that the granular carbon in the manner used by us, 
is indeed quite as efficient as, if not more than, the ])owder in removing 
colour, taste and odour, as also in elTecting a general all-round improvement 
in the water as supplied to the City. 

These two units have been functioning well up to the present (August 
1935). They have not been subjected to any special treatment, other than 
the ordinary cleaning and relaying of the top layers of 6" of sand and I'' of 
carbon, twice during the entire period. 

Part II. — Experiments at Kilpauk Waterworks^ under the direction of the 
Sanitary Engineer to Government and the Director^ King Institute, These 




Use of Aclivalcd Carbon in Water Purification 


245 


TABI.E V. 

Period of test : 17-10-33 to 15-3-34. Results (averai^e r)/30 tests). 



P'eed Walor from 
City Mains 

r..(\ 1 

('•raniilur ned 
OM 

G.C. 2 
(iranidar Med 
New 

Total count on agar 

at 37° C. 

120 

5.5 

SO 

Lactose fermenters 

(gracb!) 

i-S 

1-2 

1.-S 

Colour 

(do.) 

2-8 

1 -0 

l-O 

Clarity 

(do.) 

1-1 

1-0 

1 -0 

Taste and smell 

(do.) 

2-0 

1-0 

1-0 

Suspended matter 


• 

++ 


— 

Free ammonia 

(parts per 100,000) 

0 -000 

t 

O-OOL 

0 -001 

Albuminoid ammonia (do.) 

0*02? 

0-012 

0 -oil 

Oxyg(in absorbed 

(do.) 

0.1.23 

0 -050 

0 -044 

Dissolved oxygen 

(c.c. per lif re) 

3-8 

1-8 

4-9 

pii 


7-4 

7-4 

7-1 


experiments ri'cre done at the Experimental Filter Plant maintained under 
the Madras Government. 


(i) Orainilar carbon in a thin layer (I J") sandwiched between the fine 
and coarse sand layers in a slow and filter. 

Preliminary experiments on a laboratory scale were conducted using 
glass tubes 4^' long and li" diameter, filled with filtering material in the 
following order from the toj) ; 18" fine sand, sui)i)orted on (>" of coarse sand 
in the control, and 18" line sand supported on a AV layer of granular car])on 
in the other tube. This preliminary experiment lasted from 1-6-33 to 
16-8-33. The results afforded evidence of the superiority of the carbon unit 
as compared with the control in dealing with the raw water of the Red Hills 
lake, which was fed to both. 

It was decided, therefore, to repeat this experiment on a small plant 
scale. One of the two slow sand filters received a sandwiched layer of granu- 
lar carbon IJ" thick, while the other served as a control. Both the units 
ran at 4" vertical per hour continuously, between 15-10-33 and 30-6-34. 
The results are given in Table VI (cold weather) and Table VII (hot weather). 
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TabivE VI. 

Period (i) : 15 - 10-33 to 28 - 2 - 34 . Cold Weather Conditions. 



Results 

[average of 

over 50 tests). 






1 

Raw Water 

Coiitrul Slow 
Sand Filter 
at 4^^ v.p.h. 

C^arbon 
Sandwiched 
Sand Filter 
at v.p.h. 

Total count per c.c. 



1300 

190 

200 

Lactose fermenters 

(grade) 


5-1 

2-9 

2-0 

CJolour 

(do.) 


3-0 

2-8 

1-5 

Clarity 

(do.) 


2-8 

1. - 1 

1-0 

Tasl e and smell 

(do.) ' 


2-0 

3-6 

1-1 

Free ammonia 

(parts per 100,000) 

0-027 

0-018 

0-010 

Albuminoid ammonia 

(do.) 

0-027 

0 -018 

O-OlO 

()xy"(‘n absorbe<l 


(do.) 

0-IU 

0-139 

0-077 


Table VII. 

Period [ii) : 1-3-34 to 15-8-34. Hot Weather Conditions. 
Results {average of about .50 tests), {a) 1-3-34 to 30 C -31. 




1 Raw Watt r 

(.'iintrol 
Fillir 
t 4" v.p.h. 

Carbon 
Sandwiched 
Saiul F'ilter 
at V v.p.h. 

1'otal cuiiiit ]»er c.c. 

. . 

1(H)0 

250 

100 

Lactose fermenters 

(grude) 

5-1 

l-O 

1-9 

Colour 

(do.) 

3-0 

2-8 

1 -G 

Clarity 

(do.) 

1 

1-1 

1-1 

1-0 

Taste and smell 

(do.) 

3-0 

4-0 

1-9 

Free ammonia 

(parts per 100,000) 

0-002 

c 

O-Oli 

0 -Oil 

Albuminoid ammonia (do.) 

0-029 

0-015 

0 -020 

Oxy^jen absorbed 

(do.) 

0-161 

0-231 

0-088 
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The carbon unit yielded definitely better results than the control during 
both periods. vSuljdiiircttcd hydrogen was produced, as usual, in large 
quantities in the control filter but only in minute traces, in the carbon unit. 
The effluent from the latter was otherwise better than the control. 

Our experience with the ^ladras water has been that the slow rate of 
vertical per hour is conducive to the production of HgvS, while at higher 
rates (of say, 8" and 12" v.i).h.) ILS w'as produced rarely, if at all. It was, 
therefore, decided to run the carbon unit at a higher rate to .sec if the traces 
of II 2 S and the consequent slight taste and odour in the effluent could be 
eliminated. The rate was therefore increased to 8" vertical i^er hour 
in the carbon unit only, from the 1st July 19^14. The results obtained from 
that date to the 15th August 1034 (Table VIII) show that sulidiuretled 
hydrogen was not ])roduced even in traces, and that the effluent w'as free 
from taste or smell. There was also a greater reduction in the organic 
content of the effluent from the carbon unit. 

Tabt4C VIII. . 


Period of ted : 1-7-34 to 15-8-31. When the carbon filter xeas worked 
at a scnii-rapid rate of 8" v.pJi. 


1 

! 

UnW W’utLT 1 

(’ontr»)l 

l-iltiT 

at V v.p.h. 

('arl)on 
SaiuKvidicd 
Sand Filter 
at 8" v.p.h. 

Total count per c.c. 

. . 

• 

1000 

500 

300 

Lactose forinent<*rs 

(gradi-) 

5-7 

4-2 

1 -2 

Colour 

(<lo.) . . . 

3-0 

2-8 

1-2 

Clarity 

(do.) , 

1*5 

1 -1 

1-0 

1'astc and smell 

(do.) 

3 -0 

1-0 

1-0 

Kr(?e ammonia 

(])arfs per 100,000) 

O-OOl 

0-010 

0-001 

Albuminoid ammonia (do.) 

0-017 

0 -021 

0 -023 

Oxyg(Mi absorbed 

(do.) 

0-191 

• 

0 -171 

0 -087 


Ill the above experiment^ a thin layer of granular carbon in a submerged 
location was expected to deal effectively with a raw water, rich in colloidal 
organic matter and to prevent the formation of tastes and odours ; activated 
granular carbon is generally used in deep contact beds for the removal of 
tastes and odours already formed ; /.e., for the removal and not prevcntio^i of 
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tastes and odours. In the latest edition of The Examination of Water 
and Water Supplies by Thresh, Beale and Suckling (1933), this view is 
favoured and advice given against the inclusion of granular carbon in a 
sand filter. Our last experiment conducted during the worst period of the 
year has, however, proved that the granular carbon, even in the sandwiched 
position, is capable of functioning under certain conditions. 

I'urther experiments with different thicknesses, placed at different 
situations in a sand bed would appear to be necessary (the rate of filtration 
not being lower than S'' v.p.li.) before discarding this method of using 
granular carbon. 

(ii) The use of activated granular carbon — as such — in a contact bed 
for taste and odour removal. 

A small contact filter .made of a piece of stoneware pipe 2' high and 9" 
diameter was filled with 1 J' of granular “ Jewlcarbon and the effluent from 
our control slow sand filter containing large and varying ([uaiitities of II 2 S 
and filamentous white growths was allowed to pass through the granular 
carbon bed allowing a contact period of 3G minutes. The results of this 
experiment will be found in Tables IX, X and XI. 

Tabuv IX. 

Cold Weather : 15-10-33 to 28-2-34, (Hgv^ production in the control 

slow saM filter was at its minimum.) 




Kaw Walor 

Slow Sami 
Filler 
at 4'' v.p.h. 

(.ailioii 
C^jiitart Uml 
at 7 jjalloiis 
per Hour 

Total count por c.c. 


1300 

n 

190 

.300 

Lactose fermenters 

(grade) 

5-4 

2.9 

2.5 

Colour 

(do.) 

3 0 

2-S 

1-0 

Clarity 

(do.) 

2-8 

1-4 

1-0 

Taste and smell 

(do.^ 

2-0 

3.0 

1-0 

Free ammonia 

(parts per 100,000) 

0-009 

0-010 

0 .002 

Albuminoid ammonia (do.) 

f 

0-027 

0 -018 

0 -006 

Oxygen absorbed 

(do.) 

0-141 

0-139 

0-037 
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Tabi.e X. 

Hoi Weather : 1-3-34 to 30-9-34. {y/hen H 2 S production was at 
its maximum in the slow sand filter.) 



Raw Water 

Slow Sand 
Filter 

at 4"' v.p.h. 

Carbon 
('onia( i lied 
at 7 gallons 
per Hour 

Total count per c.c. 

1010 

295 

109 

Lactose fermenters (grade) 

5.4 

2-7 

20 

Colour (do.) 

3-2 

2-7 

1.0 

Clarity (do.) 

1 *5 

1.1 

1.0 

Taste and smell (do.) 

3*2 

4.0 

J .0 

Free ammonia (parts per 100,000) 

0 -002 

• 

0 .013 

0 .002 

Albuminoid ammonia (do.) 

0 -031* 

0 .013 

0.010 

Oxygen absorbed (do.) 

0 • ^75 

0 -226 

0-047 


TAiiUC XT. 


Cold Weather: 1-10-34 to 1-2-35. (IT 2 vS production was at its 

nummum.) 




Raw Water 

.Slow Sand 
Filter 
at 4*" v.p.h. 

Carbon 
Contact lied 
at 7 gallons 
per Hour 

Total count per c.c. 

•» 

988 

110 

\m 

Lactose fermenters 

(srado) 

G-O 

3 .8 

1 .5 

Colour 

(do.) 

30 

2 .0 

1-0 

Clarity 

(do.) ■ . . 

2.G 

1.5 

1-0 

Taste and smell 

(do.) 

2.0 

3.7 

1-0 

Free ammonia 

(parts T)pr 100,000) 

0.005 

0.012 

0.001 

Albuminoid ammonia (do.) 

0 .033 

0 .015 

0.008 

Oxygen absorbed 

(do.) 

0.149 

0 -210 

0.04J 
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These results clearly prove the remarkable efficacy of granular, activated 
carl)Oii in rendering a re]ni]sive looking and evil smelling water, aesthetically 
perfect (si)arkling, clear, colourless, tasteless and odourless) and, in addition, 
effecting a general all-round irnprovenient in quality (75 per cent, reduction 
of organic matter) such as cannot be attained with the methods of purification 
so far tried at Kilpauk. 

General Discussion. 

The great adsorptive powers of activated carbon and its conseciueiit 
usefulness in water purilication have been established beyond doubt. The 
choice of the form of carbon to be used will largely dei)eiid on the point of 
aiqdication and type of plant and ])ossibly also to .some extent, on the 
quality of the raw water. 

The cost of treatmenj: with powdered active carbon in America has 
been variously estimated at between I and 2 dollars on an average per 
million gallons treated . Accurate figures for granular carbon are not available 
and will ])robably not be m'ailable for a few years more, as the cost will 
depend largely on the ciTtfetive life of the granular carbon beds. Wc have 
ventured to work out the relative costs on llie basis of wdiolesale prices j)er 
ton (pioted for ilie brand of carbon w’c used in these experiments. 

Powdered active carl;)on ai)])lied to the water derived from the City 
supply mains, at 3 to 3-5 p.p.m. for the removal of colour, taste and odour, 
would cost between Rc. I and Rs. 1-8-0 per million gallons. 

Ciranular active carl)on, if used alone in contact beds to a depth of 18 
inches for the removal of tastes and odours in the effluent from a pro])erly 
w^orked slow sand filter allowing a contact of about 5 to (i minutes (2 to 3 
minutes is considered sufficient by many) w^ould cost about Rs. 8 per million 
gallons (on the basis of the wholesale ])rice of Rs. 1,450 per ton of normal 
granular carbon wdth an effective life of not A\s\s ///rtw three years).* The 
annual expenditure then, in treating the iMc.dras City .supply, would be about 
rupees sixty thousand or slightly more, dej)endiiig on the effective contact 
period. If, after three years, the carlion still retains ]K)tency or can be 
reviviiied into activity for a further period of one or two years at reasonably 
cheap rates, the annual cost of the treatment would be proportionately 
reduced. 

I'roiri the data available with us, it would appear that the activated 
granular carbon used in our experiments, sined vSeptember 1933, has not 

* We have since tested a different brand of granular activated carbon which appears 
to be at least as efficacious and is considerably cheaper. 
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so far suffered aii^^ appreciable deterioration in quality — as evidenced by 
the continued good results obtained from the analyses of the effluents from 
the carbon units. Beyond the ordinary cleaning and relaying of the carbon 
layers whenever the sand filters clogged, no special treatment was given to 
the carbon in the direction of revivification. 

In the event of this method of treatment being found the most suitable 
one for any water, it would be very economical to instal a ])lant for manu- 
facturing activated carbon as tliere is no dearth of the raw materials in India. 
The locally made product would thus be very much chcaijer than the 
imported one. Used carbon could, in this case, be taken to the factory for 
revivification and brought back into use at the filters, at a nominal cost. 

In this mctliod then, there is the possibility of yci another solution to 
the Madras water supply ])roblem. The successful use on a .small .scale of 
granular carl.)on for the removal of ta.stes and odours and for producing, 
at the same time, an icsUietically excellent supply (from an initially unsatis- 
factory filter eflluent charged with HoS) naturall,)' leads ns to commend the 
application of the ])roccss to all water snp])lies with* taste and odour troubles 
such as are found in the Madras City supidy. 

I'rom the experience gained in the ajiplication of activated carbon to the 
Madras City supply, it is suggested that a small and inexpensive i)lant con- 
taining activated carbon could be installed in individual homes, to obtain 
an lesthelically good jiroduct from the water as sup])lied through the taps. 
All earthenware cylinder 18" high and to fi" in diameter, holding a layer 
of 12" of activated granular carbon, and provided with an outlet and stop- 
cock, would coiKstitiite the whole idaiit. Cylinders of copper or other metal 
are liable to corrosion by the acti;/ated carbon and are therefore not 
suitable containers for this purpose. The tap water may be allowed to 
drip slowly on to the surfaecv of the carbon in the cylinder and percolate 
through the layer to the outlet, whence it is collected for use. 

Summary. 

Experiments on a small scale, using jiowdered and granular activated 
carbon for the removal of ta.stes and odours present in the Madras City water 
supply, were carried out between February 19;^3 and February The 

experiments were designed (1) to remove the colour, taste and smell found 
in the treated water as supplied to the City, (2) to prevent the formation of 
these undesiralde features by filtering the raw water tlirough a slow sand 
filter having a thin layer of carbon in its compOvSition, and (15) to te.st the 
potency of the carbon in dealing with a slow sand filtered water heavily laden 
with RS and filamentous growths and having pronounced tastes and odours. 
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Conclusions. 

1. Activated carbon (both powdered and granular) is effective in 
removing the colour, taste and odour from the treated water as supplied to the 
City. The treatment with the granular carbon resulted in the organic matter 
being reduced to a greater extent than with powdered carbon. 

2. When used in a slow sand filter (as a sandwiched layer 1 J") for filter- 
ing the lake water, granular activated carbon had a distinct sphere of 
usefuluc.ss. It was found that the filter containing the carbon layer yielded 
a better effluent than the control filter. 

3. When used as a contact medium for the removal of colour, tastes 
and odours formed in a carefulh’^ controlled experimental slow sand filter 
effluent, activated granular carbon gave very satisfactory results. 

4. The granular carljon used in our experiments since September 1933 
has not shown any evidence of deterioration in quality after 23 months of 
continuous service. 

We wish to express our thanks to lyieut. -Colonel H. H. King, c.i.K., 
I.M.S., and Major W. J. Webster, M.C., i.M.s., for their very kind help and 
valuable advice from time to time, to fyient.-Colonel H. K. v^hortt, t.m.s,, 
for the valuable suggestions and advice given to us in writing up this paper, 
and to our colleagues Messrs. N. Swaminathan and K. Venkatramanan, who, 
in the midst of heavy routine work, cheerfully carried out some of the 
chemical analyses involved in the ])resent research with precision and 
promptness. 
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THE CONGLOMERATES AND GRITS OF KALDURGA, 
KADUR DISTRICT, MYSORE. 


By Ciiari.ks S. Pichamuthtt, B..Sc., I'.G.S., F.R.S.E., 

(Prom the Department of Geolof/y, University of Mysore, Bangalore.) 

Rcccivwl July 24, 1935. 

(Onnmiiiiicalcd hy Prof. I,. Kama Kao, m.a., F.r..s.) 

1. Introduction. 

SiXTiCi‘:x yeiirs ago, the writer had the opportiiiiit}’^ of examining parts of 
the Kaldurga area, es])ccially the conglomerates occurring therein, in the 
coni])aiiy of the late Profe.ssor P. Sanipat Iyengar, than whom one could not 
expect a better exjionent of the aiitoclastic origin of the conglomerates of 
Mysore. lie was struck then by the size and degree of rounding which many 
of the pebbles exhibited and wondered whether pressure alone could have 
been the cause for the formation of such a sedimentary looking conglomerate. 
In 19:12, he visited parts o^ the Kadur District, when a halt was made at 
Jodikatte, and the conglomerates and associated rocks were examined in 
detail, and a large collection of the conglomerate and the included pebbles 
was made. The material was studied in the Geological laboratorj^ of the 
University of Gla.sgow', and this paper is the record of work which was mainly 
done there. The writer visited the area once again this year and was able 
to observe several new features presented by the conglomerates and grits, 
which are incor])orated in this pa]>er. 

2. Previous Work. 

Hruce Foote, while he was a Dejmty Superintendent of the Geological 
Survey of India, made a traverse across the Mysore State, and has given 
the earliest dcscri])tion of these conglomerates. He noticed the rugged 
nature of the hills formed by these rocks, which, according to him, resemble 
“tyjiical granitoid-gneiss hills”. He describes the rock as having a coarse 
mottled structure due to the iirescnce of “enormous nuinbers of well-rounded 
pebbles of a granite or compact granite-gneiss. The size of the included 
stones ranges from small pebbles to large boulders, all enclosed in a greenish- 
grey foliated chloritic matrix” (R. Bruce Foote, 1882, p. 195). He was later 
appointed as vState Geologist in Mysore, and after his retirement, his observa- 
tions were published by the Mysore Geological Department as a Memoir. In 
this work, he has divided the conglomerates into two scries, a lower, composed 
of coarse shingle lying in a “schisty or clayey matrix” and an upper formed 
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of coarse shingle cemented by a “vety^ strong sandstone matrix” (R. Bruce 
Foote, 1900, pp. 29-:il). 

A brief reference to these conglomerates was made l)y Wetherell v.liile 
dealing with the Cieology of the Tarikere valley. He noticed the resemblance 
which these bore to the conglomerates found further north in the Ajjampur 
area (R. W. Wetherell, 19():i, ]). 97). 

Though vSlater accompanied Bruce Foote to Kaldurga in the year ISOfi, 
it was only in 1900 that he gave any dcscrijjtioii of these conglomerates. 
As the result of his examination he found that ])ebbly beds alternated with 
very fine-grained bands. The pebbles were of granite, granophyre, kerato- 
])hyre, hornblende schist, (juartzite and ferruginous quartzite. Regarding 
the matrix he states, “the further the matrix of these conglomerates is 
studied microscopically, the more do they appear to be a jdiase of an igneous 
rock — the quartz ])orphyry*' (II. K. vSlater, 1900, ])» I). Tie considered that 
the north-eastern arm of the Kaldurga conglomerates if continued in that 
direction would connect the conglomerates on the northern side of Iloiine- 
gudda (A 113118) of the Ajjampur area and that’thp two might be parts of 
the same formation, since the ])cbbles and the matrix were similar. The 
Kaldurga conglomerates had also a marked resepiblance to those occurring 
near Jhandimatti between Bhadravali and Channagiri (Fig. 1). 

Regarding the origin of these conglomerates, Slater was not (piite decided 
as can be .seen from the following quotation: “W'here granite or cpiartz 
porphyry intruded other members, i.c., intermediate lava flows of which 
numerous pebbles exist — pebbles of schist won hi result through i)ressure and 
movement, portions of both the intruding and intruded rock being linely 
coimninuted, would go to form either a felspathic and gritty or chlorilic 
and calcareous matrix. The variety of Tragmeiits- granite, quartz-] )or]fliyry, 
quartzite and kerato])hyre — may be accounted as fragments of the adjacent 
schist which have been thus tVactured and penetrated by the granite or 
quartz-porphyry, and the whole subsequently crushed. But they might 
equally well represent a sedimentary grit” (II. K. Slater, 19(){), p. 5). 

It was, however, ten years later, that a decisive opinion regarding the 
origin of these conglomerates, was given. Dr. Smeeth, who w-as the 
Director of the Mj^sore (Geological Department, after an examination of the 
Kaldurga area arrived at the conclusion that the conglomerates were auto- 
clastic and not sedimentary, though he admits that “a few i)ortions wdiicli 
show very rounded pebbles ot quartzite in a schistose matrix are difficult 
to explain” (W. F. Smeeth, 1915, p. 25). He considered it probable that the 
Ajjampur conglomerates corresponded with those of Kaldurga, the two 
exposures being separated by the gneiss and granite of the Tarikere valley. 
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In 1916, Sampat lyengc'ir made a brief reference to these conglomerates, 
while describing the schistose rocks of the Bababudan area (P. vSamjiat 
Iyengar, 1916, p. 131), but it was in the following year that he undertook a 
detailed study of these rocks. He emphasised the aiitoclastic origin of the 
conglomerates which he considered as “a mixture of various comidexes 
brought about by crush and shear movements operating on the previously 
existing schist rock and on the igneous intrusives into them" (P. »Sainpat 
Iyengar, 1917, p. 115). He was of opinion that the brownish gritty mica 
chlorite schists and the dark green chlorite schists were the crushed and 
altered phases of the Cham])ion gneiss which is intrusive into pre-existing 
hornblende schists, amphibolite and some chlorite schi.sts. Into this complex 
the Tarikcre granitic gneiss is sup])osed to have intruded, tongues of this 
gneiss which penetrate the schists having been coin crted along shear zones into 
conglomeratic masses. He collected pebbles of granite, reef quartz, quartzite, 
dark green chlorite schist, limestone, amidiibolitc and hornblende schist. 

In all previous reports dealing with this and, with the adjacent Ajjampur 
area, the opinion was expressed that the Kaldurga and Ajjampur conglo- 
nierate.s formed one continuous formation w'hich was later interriipted by the 
intrusive giieissic granite of Tarikcre. Samjia^ Iyengar did not agree with 
this view since he considered the Kaldurga conglomerates and the Tarikere 
gneissic granite as one and the same. According to him, "it is quite prob- 
able that the Tarikere gneissic granite at its northern end also did send into 
the schists several tongues wliich like their compeers in the south have also 
become aiitoclastic conglomerates through tlie operation of the same forces 
of nature" (P. Sampat Iyengar, 1917, p. IMJ). 

In his annual report of the work of the Mysore (Geological Department 
for the year 1916, v^nicetli endorsed the opinions ex])ressed by Sampat 
Iyengar, regarding the origiq of the conglomerates. He agreed that "the 
bands of intrusive gneiss, the crushing and shearing of which have given 
rise to much of the coiigloiiieratc, are not distinguishable from the gneiss 
of the Tarikere valley” (W. 1'. Smeeth, I9J7, p. 33). This view of vSineeth 
and Sampat Iyengar regarding the identity of the conglomerate and the 
Tarikere gneiss has, however, been contradicted by Jayarain, who, during 
the revision survey work, examined the junction of the Tarikere granite 
with the conglomerate series of Ajjampur and found that "the granite proper 
which tongues into the scliistose series does not form part of the conglo- 
merate series” (B. Jayarain, 1923, p. 26). 

During the field season of 1918-19, Jayarain examined these conglo- 
merates. He describes them as "granite-porphyry conglomerate", "inter- 
mediate granite-porphyry conglomerate", and "chlorite-keratophyre-schist 
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conglomerate’* ; these types are supposed to be gradational, one merging 
into the other. The “granite-porphyry conglomerate” is, according to him, 
“very instructive for studying the pebble formatioii in an igneous rock, which 
must have had a viscous flow condition favourable for the formation of 
phenocrysts, knots, acid and basic segregations and schlieren that have on 
subsociiient shearing as.sumed the conglomerate form” (B. Jayaram, 1922 6, 
]). 04). The term “grit” has been used in this report several times but 
without any sedimentary significance as he considers it “a variant of the 
micro-granite”. 

In his rresidential address to the Geology vSection of the Indian Science 
Congress at NagjMir, Sam])at Iyengar stated that at its contact, the Peninsular 
gneiss has imposed an autoclastic structure on the Champion gneiss (P. 
Samjiat Iyengar, 1920, p. 7). 

No further work hai been done since then on these conglomerates, and 
so the autoclastic theory remains at present the official opinion of the Mysore 
Geological nepartnient regarding the origin of the Kaldurga conglomerates* 
i\riddleniiss has reniarkcv:! on the unanimity with which this view has been 
advocated by the ^lysore geologists in his Presidential address to the Geology 
Section of the I'ourth Indian Science Congress held in Bangalore (C. S. 
Middlciniss, 1917, p. exevi). 

J. Geology of the Area. 

Hefore describing the conglomerates and grits, it is proposed to give 
a brief account of the geology of the area. The Kaldurga conglomerates 
form iiart of the Shimoga belt of the Dharwar schists. The schist belt in 
the neighbourhood of the conglomerates is composed of epidiorite, spilite, 
keratopliyre, chlorite schist, calc-chterite schist, mica-chlorite schist, grits, 
(fuartzitc and inaguetite (fuartzite. Small outcrops of limestone, amjihi- 
bolite and talc schist occur. Intrusive into' the schists are quartz veins, 
Champion gneiss, Peninsular gneiss, Ka'^ur granite and dolerite dykes. 

Epidiorite.- A fiortion of the lyingadhalli trajis appears at the extreme 
south-west of tlie area under consideration. This epidiorite varies in texture 
from a very fine-grained and tough rock to a coarse one exhibiting poikilo- 
blastic structures. The oid^'rops of this rock about half-a-niile north-east 
of bingadhalli abound in rounded or oval “spots” which were considered 
by vSlater to be “pseudo-amygdules due to the crushing of quartz pheno- 
crysts” (1900, p. 12) or in situ alterations of^'porphyritic crystals of horn- 
blende and not true amygdules (TI. K. Slater, 1908, j). 48). According 
to Sampat Iyengar, some of them were in situ alterations of plagioclase 
phenocrysts and some due to the brecciation of quartz or epidote veins 
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(P. Sampat Iyengar, 1908, p. 70). A detailed study of these rocks by the 
writer has shown that these “spots” are true vesicles lllled in by various 
secondary minerals (C. vS. Pichaniuthu, 1932, p]). 127-137). An interesting 
feature of some of these aniygdalcs is the occurrence of jdagioclase felspars as 
infilling minerals. It is probable that these have been formed by the altera- 
tion of some zeolitic mineral which might originally have occupied these cavi- 
ties (C. S. Pichamuthu, 1933, p. 345). 

The epidiorite is composed essentially of a ])ale green hornblende which 
is often fibrous. Plagioclase, when ]iresent, is of an acid variety. A small 
quantity of quartz is usually present. Granular and idiobla.stic epidote is 
common, as is also ilnienite, invariably altered to leucoxenc. Some varieties 
contain abundant chlorite. 

Spilite, Keraiophyre . — As the result of the examination of the rocks of 
this area, both in the field and under the microsc()])e, the writer is of the 
opinion that there is a spilitic suite of rock characterised by the presence 
of albite and acid oHgoclase. Chemical analyses of some of these types are 
under progress and when they are complete, it 'is, hoped that the relation- 
ships of the dilTerciit rocks occurring here, will be better kiuAvn. v^ome of 
the rocks which have been mapped as the I/ingadhalli traps are spilitic. 
About half-a-mile south-east of A 3 179, a vesicular spilite occurs. The micro- 
sections of this rock are stippled throughout with line leucoxenic grains, which 
are specially concentrated around the amygdales. I'elted aggregates of 
fibrous hornblende and laths of albite form the main constituents. The 
amygdales are filled by a i)ale green pleochroic e])idote, (juartz and chlorite. 
The cpidotes exhibit a peculiar form of corrosion. Sometimes circular 
portions of the epidote are removed and replaced by quartz ; in other cases, 
a remnant of the epidote is left in tl#e centre of these circular areas. The 
edges of the epidote which have thus been attacked exhibit a scalloped out- 
line. * 

The term “ Keratophyre” has been used in a very loose sense in many 
of the reports of the Mysore Geological Department, to describe rocks which 
have no textural or miiieralogical resemblance to the type variety. It 
has practically come to be synonymous with a calc-chlorite schist. In this 
paper, the term is confined to those rocks which contain laths of albite and 
which exhibit a trachytic or bostonitic texture ; in some cases where the albite 
laths are not flow-oriented, the texture approaches that of a basalt or fine- 
grained dolerite. Chlorite ojcurs in varying proportions. Calcite is invari- 
ably present. Very good exposures of this rock were noticed by the writer 
on the flanks of the small conical hill, about half-a-mile south-east of IJngad- 
halli. The rock is dark in a])pearance but the specijic gravity is as low as 
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2 -(58. Overlj^ng the keratophyres here, exceedingly fine examples of albite 
schists occur. Porphyroblasts of clear albite are found in a sericite chlorite 
matrix. 

Amphibolite, Talc-schist . — Exposures of amphibolite and talc-schists are 
seen near Jodikatte. The amphibolites are composed mainly of a pale 
hornblende. Grains of calcite and iron ore arc common. The talc-schists 
occurring outside the conglomerate area and adjoining the granites, probably 
represent shear zones. 

Limestone, — A small patch of impure limestone outcrops to the south- 
west of Jodikatte. It contains fuchsite and is traversed by numerous thin 
veins of quartz. The rock is very rich in inclusions of rutile. 

Quartzites, Banded ferruginous quartzites. — There are numerous runs of 
quartzites associated esi),ecially with the chlorite schists. They conform 
generally to the directions of strike and dip of the schists. They are com- 
posed e.ssentially of a granoblastic aggregate of quartz grains. Chlorite 
occurs frequently ; fuchsite <was noticed in a few runs of the quartzites near 
J odikatte. Tourmaline is sometimes present. Muscovite, biotite, pyrites and 
magnetite arc other minerals which occur in the quartzites. Some of the 
(juartzites show faint traces of banding and this becomes conspicuous as 
the iron content increases. Typical banded ferruginous quartzites occur 
on the hills to the east of Eiiigadhalli and on the small rise near Huvinhalli. 

Gneiss. — The oldest gneiss occurring in Mysore has been called the 
Champion gneiss. A strip of this is seen to the north of Jyingadhalli. In 
the map of Mysore piibli.shed by the Geological Dcj)artmcnt, the conglomerates 
arc also shown as Cham])ion gneiss, a view with which the writer finds it difficult 
to agree. The Champion gneiss is considered to be intrusive into the Dharwar 
schists but the term ‘‘Champion gneiss” has been used in Mysore with such 
different meanings and to include so many types of rocks that it is difficult 
to comprehend what exactly is meant i'y it. A good idea of the various 
rock types which are sup])o.scd to be allied to the Champion gneiss, may be 
obtained from Sanipat Iyengar's Presidential address to the Geology Section 
of the Indian Science Congress (P. Sampat Iyengar, 1920, pp. 2-13). The 
Peninsular gneiss is later in age than the Champion gneiss and includes the 
gneissic granites of the Tarikere valley, as well as the gneisses to the east of 
the conglomerate area. 

Granite. — The Kadur granite is intrusive' into the Peninsular gneiss. 
The intrusion of this granite has been accompanied by pneumatolytic action 
resulting in tourmalinisation and greisening. Examples of schorl and greisen 
were noticed by the writer about half-a-mile north-west of Jodikatte. 
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Granodiorite , — An outcrop of this rock occurs on the Hanks of the hill 
north of the 4th milestone on the Birtir to J^ingadhalli road. Its relation- 
ship with the other rocks was not clear. Big grains of quartz are inesent, 
showing undulose extinction. The plagioclasc which is mainly albite, occurs 
as large crystals ; the crystals arc invariably bent or broken, the fractures 
being healed by chlorite and iron ore. There is abundant biotite undergoing 
alteration to chlorite. Apatite is the chief accessory. 

Vein quartz . — There are many runs of massive white quartz. These 
are related to the different acid intrusives and are not therefore all of the 
same age. 

Dolerite . — A few^ dykes of normal dolerite occur in the area. 

4. Tectonics. 

The geological structure of the area as well asihe general succession of the 
rocks occurring here, may be seen from the rnaj) (Big. 2) and the section 
(Fig. 3). The oldest rocks are the chlorite schists and mica chlorite schi.sts. 
Spilites, keratophyres, ipiartzites and banded fj^rruginous (juartzites occur 
interbedded with these schists. The schists i)ass upwards into grits and 
conglomerates. The occurrence in the conglomerates of pebbles of granite 
and gneiss, which differ frotn the granites and gnei.sses of the area in the 
absence of ])otash felspars, raises an interesting j)roblem. These pebbles 
must have been derived from rocks which arc older than the conglomerates 
but so far the writer has been unable to trace any outcrops of these rocks. 
The abundance of acidic rocks in the upi)er chloritic division is difficult 
of explanation if they arc con,sidered to be derivatives of the Cham])ion 
gneiss and hence later than both divisions of the Dharwars. Snieeth there- 
fore suggested that some of them sluAild lie “associated with a period of grani- 
tic intrusion still earlier than the Chaini)ion gneiss, but of which period the 
primary granite or gneiss In^s not .been identified and separated. Remnants 
of the earlier gneiss might easily remain amongst the very varied types which 
arc at present included under the designation ‘Chamj)ion gneiss' “ (W. 
vSmeeth, 1021, p. lo8). It is probable that these ])ebbles discovered by the 
writer in the Kaldurga conglomerates, are derived from this 'Pre-Chanqnon 
gneiss. The Peninsular gneiss is intrusive into the schists and the Kadur 
granite intrudes this gneiss. Dolerite dykes are the youngest rocks in the 
area. 

The dip of the rocks uniformly towards the east, except near the 
eastern margin of the area, where the beds dip westward. There is an over- 
fold in the western portion, by the denudation of which the Nandi-Hoshalli 
valley has been formed. The beds are folded into a syncline on the east. 
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(Modifiod by tho vviiior from the map of Sampat. Iyengar, 7?ccs. Mya. GeoU Deploy Vol. 15.) 
Fig. 2. Geological sketch map of Kaldurga and sunoundings. 









264 


Charles S. Pichamuthu 


5, The Conglomerates and Grits. 

The conglomerates and grits overlie the chloritic schists and the 
associated spilites and keratophyres. Sainpat Iyengar, in his map of this 
area, has differentiated chlorite schists and brownish mica chlorite schists. 
Though ill places one comes across brownish coloured schists and in other 
places dark green chlorite schists, the boundary between the tw^o is not so 
sharp as has been represented on his map. Under the microscope, many 
of his ‘'brownish mica chlorite schists” show very little mica ; they are 
composed almost entirely of chlorite. 

The conglomerates and grits can, however, be divided into two series : 
a lower, characterised by the abundance of chlorite, and an upper, which is 
more gritty and in some cases f elspathic. The lower division may be described 
as a greywacke ; theuppe^r varies from quartz schist to a felspathic grit or 
arko.se. The lower division is typicall 5 '^ schistose, the strike and dip being 
ordinarily well marked. In contrast to this, the exposures of rocks belonging 
to the upper division arc bouldery, and have the characteristic appearance 
of granitic outcrops. Many of the huge boulders stand out as prominent 

tors and form the range of hills from Rajaiihalli to jMundre. 

« 

The lower chloritic schists and grits present no unusual features. 
Biotite has fretiuently been formed from the chlorites. Due to crushing these 
schists often possess, under the microscope, the typical appearance of a 
sheared grit (Plate XXIV, I'ig. 1), the quartz grains forming tiny ”eyes” 
and the flaky minerals encircling them. Amber yellow rutile grains are 
often abundant. 

In the conglomerates of the upper division, it is not uncommon to 
see pebbly bands alternating with very fine-grained non-pebbly bands. To 
a casual observer these bands suggest rocks of different composition, but an 
examination of sections cut from them- proves their identity. The finer 
bands represent tlie material which serves as the matrix in the pebbly layers. 
In some cases clilorite, biotite and mu.scovite arc set in a granoblastic matrix 
of quartz. The flaky minerals vary in proportion ; when they arc abundant, 
a fairly regular parallel arrangement is seen and the rock may then be called a 
quartz schist. Very often, g’-ains of plagioclase felspar, usuall}' albitc or 
acid oligoclasc, arc present ; but microcliiic was not observed at all, and since 
this is the most resistant of the felspars to alteration, it is to be concluded 
that the mineral never occurred in these rocks. * 

Extremely fine varieties of grits are seen on the hills about a mile west of 
Baliganur. The outcrops in this place exhibit graded bedding. The rock 
here has layers about a foot in thickness one overlying the other. Each 
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layer starts with a more or less coarse pebbly character and gradiiall}' becomes 
finer and finer, till the next layer again starts abruptly with coarse pebbles, 
grading on into fine (C. S. Picliamnthii, J935, p. 431). Tn some cases a crude 
current bedding was observed which also exhibited graded bedding. 

Thecoarsegritscollectedhereproved very interesting material for study. 
In hand specimens, they are found to be composed of small fragments of 
various types of rocks. This character is very well seen under the microscope 
(Plate XXIV, I'ig. 2). Many of the individual grains in the grit are conij^oscd 
of quartzite, but small fragments of granite, s])ilite, keratophyre, idiyllite and 
vein (|uartz are also seen practically in every section. The rock has been 
subjected to pressure, resulting in many of the fragments being llattened and 
drawn out, but their boundaries are <piite distinct aiul do not merge with the 
matrix. 

The Pebbles. 

The conglomerates contain pebbles of various sizes. In some cases 
they are as much as 12" to 18" in diameter, and they grade down into very 
small sizes in the pcl)bly grits. In certain areas, ])el'>bles are abundant, and 
ill others, their occurrence is sporadic. In the same outcrojis it has been 
noticed that some bands are very rich in pebble^s and that they alternate with 
bauds wliicli do not contain any. The pebbles are of various sliaiies but 
almost every one of them exhibits some degree of polishing. Oval and 
rounded ])ebbles are of fretpieiit occurrence. 

The conglomerate is often crowded with a large number of pebbles of a 
varied iietrograjdiical character. Plate XXI II is a photograph of a siiecimen 
about ()"x9" ill size, obtained from the south of Kaldurga. It contained 
nearly thirty ])cbldes comiiosed of such diflerent types as gneiss, granite, 
microgranite, pegmatite, (juartzit^s* (two varieties), quartz schist, quartz- 
felspar jiorphyry, and vesicular spilite. The following description of the 
pebbles collected from the* Kaldurga conglomerates illustrates the great 
variety of the rock types whicli have suiiplied the iiebbles. 

Granite . — Pebbles of granite have been rciiortcd to occur by practically 
every geologist who has visited these conglomerates. The writer has 
examined the slides of pebbles collected by himself, as well as those preserved 
in the museum of tlie Mysore Geological Department, and in all these cases, 
the felspar is albite or acid oligoclase. No orthoclase or microcline is met 
with. Quartz and biotite (which is sometimes altered to chlorite) are present. 
vSuch rocks have been desigAated soda-granites, but since this term has also 
been applied to granites in which there is more soda than ])otash, and since 
quartz bearing acid plagioclase rocks arc tonalites, johannsen prefers to call 
these plutonic rocks, which are granite-like in appearance but contain only 
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a trace or no potash felspar, as sodaclase-toiialites (A. Johaiinscii, 1932, 
p. 373). 

Gneias . — The light-coloured pebbles with gncissic banding, also do not 
contain orthoclase or microclinc. The essential minerals are albitc, quartz 
and biotite. Muscovite is commonly present. Apatite, zircon and rutile are 
the chief accessory minerals. .Some of the sections exhibit a diablastic 
structure due to albite-quartz iiitcrgrowths. The biotite is frequently altered 
to chlorite ; that the mica is titaniferous is evidenced by the sagenitic webs 
of rutile sometimes found inside the chlorite flakes. The green chloritic 
mineral present in some sections of gneiss, and which exhibits maximum 
absorption parallel to the vibration direction of the polariser, may be inter- 
mediate between mica and chlorite ; it usually has a well-marked pleochroism 
from yellow to green. Some of the pebbles contain abundant epidotes while 
others contain none. The*" felspars are often bent or broken. In highly 
crushed varieties, the rock is m)donised and the quartzes are converted into a 
mosaic of small grains. 

Pcf^ynaiite . — Albite and (juartz occur intergrown. Very little biotite and 
chlorite arc present. As the result of crushing the flaky minerals are some- 
times found as streaks. * 

Aplite . — These are line-grained and ecpii granular, exhibiting under the 
micro.scopc a typical allotriomorphic texture. It is composed mainly of 
albite and quartz, chlorite being in very subordinate amount. The felspars 
are sericitised. 

Microgr unite . — The minerals present are albite, quartz and biotite. 
Grains of magnetite are scattered throughout the sections. The texture is 
microgranular. • 

Granodiorite . — Albite occurs in long crystals, which are invariably bent 
or broken ; when broken, chlorite fills the interspaces between the fragments. 
No biotite was noticed, as it has pro])ably all been converted into chlorite. 
The chloritic patches contain grains of leucoxene. The pebble is highly 
crushed and traces of a diablastic texture are i)resent. It is comparable 
to the rock noticed by the writer on the slopes of the hill north of the 4th 
milestone between Birur and bingadhalli, and of which a brief description has 
been given earlier. The only dilTerence is in the occurrence of biotite in the 
rock and its absence in the pebble. 

Granophyre . — The pebbles arc composed chiefly of big plagioclase felspars 
which show a very characteristic intergrowth texture along the borders 
(Plate XXIV, Pig. 3). The rock may be described as a plagioclase grano- 
phyre or markfieldite. 
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Amphibolite. — Tliis is a very coarse rock composed almost entirely of a 
pale hornblende. Grains of calcite and iron ore are present. 

Hornblende schist. — This is a coarse diorite-like rock consisting of ])lagio- 
clase and ])ale hornblende. This seems to resemble the recrystallised rock 
described as interaction dioritc from near Karehalli. Biotite occurs in small 
(luaiitities. Ilmenite altering to leucoxene is common. Chlorite and zoi.sitc 
occur as secondary minerals. 

Serpentine. — The ])ebblc was obtained about a mile we.st of the i^iva])ur 
Railway Station. It is comi)oscd wholly of ser])entine with abundant magne- 
tite dust. The original nature of the rock is not clear. It is traversed by 
veins of calcite. The specilic gravity of the pebble is '1 •?(). 

Quartz felspar porphyry . — Albite occurs as phenocrysts in a very finegrain- 
ed and compact matrix (Plate XXTV, h'ig. i). Orthoclase phenocrysts are 
rare. Areas of coarse quartz mosaics rej)resent crushed ])lienocrysts of fjuartz. 

7*V/s//^.--This is a very fine-grained crystalline rock. Albite occurs as 
phenocrysts, many of which are broken due to ’pressure. These crystals arc 
almost always bordered by a zone of chlorite which has well marl ed ])leochro- 
isni from yellow to green. Quartz sometimej occurs in granular mosaics. 
The compact matrix contains abundant Hakes of chlorite, and is ])eppered 
with numerous minute magnetite crystals. Aeicular a])atites occur as acces- 
sory minerals. This pelfide strongly resembles the rock described as felsite 
from Galiimjc 27' : 75" 47') (P. J^ampat Iyengar, 1908, p. 78), but unlike 
the tyi)ical rock, it contains no biotite, the chlorite and magnetite being 
derived from its alteration, 'fhe specific gravity of the pebble is 2 -50. 

Rhyolite. -Th(i ])cl)blc is composed of a dark grey compact rock. Under 
the microscope it is seen to be highb mished and sheared. The fine-grained 
matrix is formed of (luartz and a ])ale chlorite. l'an-shai)cd aggregates of 
fcls])ar occur, often in row^j ; the way in which they extingui.sh indicates 
that they arc crushed and drawn out .s])herulites or sectors of spherulites. 
Minute grains of rutile arc common as accessory. The specific gravity of the 
pebble is 2 -09. 

Keratophyre.— ^omQ of the pebbles have a typical trachytic texture 
composed of numerous laths of albite. Biotite is tlie chief mafic mineral. 
A little chlorite and occasional rhombs of calcite are present. In other jiebbles 
of this rock, more chlorite than biotite occurs, with scattered crystals of 
magnetite. 

Albite doleriie . — These exhibit a liyalo-ophitic texture with albite laths 
as the prineijjal mineral, lixcejiting for this type of texture, the rock seems 
to be allied to the kcratophyres described above. 
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Spilite . — This is a vesicular rock with albite as the chief variety of felspar. 
Chlorite, biotite and muscovite (which may be paragonite), occur. There 
are numerous tiny grains of magnetite. A little quartz is present. There are 
only slight differences between this and the albite dolerites and keratophyres. 

Quartzite . — The pebbles are formed of granoblastic aggregates of quartz 
(Plate XXIV, Pig. 5). A mosaic texture is more common, but in some 
varieties a sutured texture is noticed. Some of the bigger grains of quartz 
exhibit peripheral granulation. The cementing material has gone into 
chlorite and this mineral often outlines the grains of quartz. Biotite and 
muscovite sometimes occur in small quantities. Cubes of pyrites and grains 
of magnetite, tourmaline and rutile are occasionally present. 

Quartz schht . — These are rocks which contain no felspar and are formed 
essentially of quartz. There is a banded texture, layers of ((uartz being 
separated by streaks composed of biotite, chlorite, muscovite and epidote. 
Rhombs of a carbonate occur, and since they are gone into brown iron ore, 
the original mineral may have been siderite. 

MaiJ^netite quartzite , — Several pebbles of banded quartzite have been 
collected by the writer from the conglomerate area, but they are not the 
typical highly ferruginous banded cpiartzites wliich outcrop strongly on the 
Bababudans or on Dodbetta, near J^ingadhalli. They are essentially com])osed 
of quartz mosaics but with a distinct banding which is accentuated by the 
segregation of tiny crystals of magnetite (Plate XXV, Pig. 1). These seem 
to be a sort of intermediate stage l:)ctvYcen the ])ure quartzites and the banded 
ferruginous (piartzites. Tiny flakes of chlorite and small grains of tour- 
maline have been noticed in some sections. The specilic gravity of one of 
the pebbles was found to be 2*70. , 

Phyllile.- The writer has noticed pebbles of phyllite on the hills west 
of Baligaiiur, which clink like slates when struck by a hammer. They are 
highly fissile and are coiii])oscd mainly of .^cricite and chlorite. 

Limestone . — The pebbles arc formed chiefly of calcitc (Plate XXV, Pig. 2). 
The rock sometimes i^ossesses a blastoporphyritic texture, the porphyroblasts 
of calcite often exhibiting a diablastic intergrowth with quartz. A green 
chlorite, pleochroic in shades of yellow and green is common. Quartz occurs in 
minute granular aggregates. Grains of ilmcnite and magnetite are sometimes 
abundant. Clusters of tiny yellow rutile crystals are present ; these are 
often intimately associated with the ilmenite •grains. This combination 
is somewhat similar to what has been observed by Dr. P'ermor in the mica 
schists of Balaghat, which according to him are metamorphosed sediments 
(ly. ly. Permor, 1909, pp 313-14). 



269 


The Longlomcratcs and (rnfs of Kaldnr^a 
7. The Matrix. 

The matrix of the Kaldurga conglomerates is not quite nniforni in 
composition throughout tlie area. As has already been indicated, it 
grades from chlorite and niica-chlorite schists, tliroiigli gritty chlorite and 
mica schists, to quartz schists. In the u])per division, the nuilrix may in 
some places be designated as an arkosc because of the ])resence of grains of 
albite. Some of the grits which contain a good deal of chlorilic and mica- 
ceous minerals could be described as greywackes. b'errugiiious material is 
abundant in some cases. Calcitc occurs in grains and in irregular ])atchcs. 
Minute rutiles are fairly common, especially when the matrix contains plenty 
of chlorite and mica. Muscovite is very often present (Plate XXV, Pig. ‘1). 

The boundary between the pebbles and the matrix is usually well marked. 
The pebbles when removed, leave smooth-walled dei)ressions which are 
coated with a layer of chlorite. The pebbles* and matrix can also be 
distinguished under the microsco])c by their mineralogical and textural 
dillerences (Plate XXV, Pig. 4) ; the boundary is often knife sharp and is 
sometimes indicated by a thin line of chlorite (Plate XXV, P'ig. 5). It is 
only in the upper division where sometimes a gneissic pebble is in contact 
with matrix composed of a felspathic grit, that the diflerences ar(^ not (juite 
appreciable. It is such sections that must have led several of the previous 
observers to consider the conglomerates as autoclastic, and to state that 
there was no dilTerence between the pebbles and the matrix. 

S. Mode of Origin. 

The question of the probable mode of origin of the conglomerates of 
Mysore has had an interesting history. Till the year 1908, the conglomerates 
were considered to be sedimentary* (R. Bruce Poote, 1882, ]). 195 ; 1900, 
pp. 29-81 ; V. S. Sambasiva Iyer, 1899, pp. 89-90, 97 ; 1901, j)]). 121-28. 
P. Sanipat Iyengar, 1905, pj?. 73-74 ; II. K. vSlater, 1903, pp. 120-28 ; 1905, 
p. 20 ; 1900, pp. 3-7 ; W. P. Smeeth, 1899, pp. 102, 105 ; 1902, p. 18 ; 190-1, 
pp. 20-21 ; Iv W. Wetherell, 1903, p. 92 ; 1904, p. 24). Pater, Dr. \V. P. Smeeth. 
the Director of Geology in Mysore, examined the Mallapanhalli ( 14” 4' : 70” 40') 
and Aimangala conglomerates of the Chitaldurg schist belt during the field 
season of 1909-10, and pointed out certain evidences which, according to 
him, were in favour of their being considered as autoclastic in character and 
not of the nature of true sedimentary conglomerates (\V. 1'. vSmeeth, 1910, 
pp. 15-18, 34-35). This idea was soon extended to all the other conglomerates 
of ]\Iysorc ; everyone of these was shown to fit in with the ‘autoclastic’ theory 
and the original suggestion of some of these being sedimentary came to be 
completely abandoned (B. Balaji Rao, 1913, pj). 139-40; 1928, pp. 88-89 ; 

B3 F 
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B. Jayarani, 1910, pp. 180-81 ; 1916, pp. 93-94 ; 1922a, pp. 84-86; 19226, 
pp. 54, 57-58, 64 ; B. Rama Rao, 1924, pp. 179-81 ; P. Sampat Iyengar, 
1908, p. 72 ; 1912, pp.’ 54-56 ; 1916, p. 134 ; 1917, pp. 106-16 ; A.M.Sen, 1916, 
pp. 150-53 ; H. K. Slater, 1912, pp. 26-29 ; W. 1-. vSmeeth, 1910, pp. 12-18, 
25, 34 ; 1912, j). 38). So thoroughly did the officers of the Mysore Geological 
Department support the views of their chief, that Smeeth says in one of his 
annual reports, “1 appear to have raised quite a hornet’s nest of the latter 
type (autoclastic conglomerates) and I long for some one to find a simple 
satisfactory sedimentary conglomerate with nicely rolled, water-worn pebbles” 
(W. P. Smeeth, 1912, p. 38). • 

It would not be out of jdacc to consider briefly the reasons which led Dr. 
Smei'th to attribute to the conglomerates of Mallapanhalli and Aimangala, 
an autoclastic origin, especially because of the very great influence his views 
have undoubtedly had on tall later works in the Mysore State. Referring to 
Mallapanhalli, he says, ”I was struck by the possibility that the matrix might 
prove to be of similar material to the pebbles or boulders, though more 
crushed, particularly in the tase of the grey trap pebbles.” In some places, 
he thought that there was a clear transition from uncrushed boulder to crushed 
matrix in one and the same material and in such cases he was of the opinion 
that ’‘there can be no doubt that the whole mass was originally grey traj) 
which, after developing spheroidal structure, has been somewhat crushed and 
shearcil leaving uncrushed spheroids in a crushed schistose matrix”. This is 
quite a valid argument and is one of the main reasons for considering any 
conglomerate as autoclastic in origin. But in Mallapanhalli, pebbles of vein 
quartz and limestone were also found, and no resemblance between these and 
the matrix could pos.sibh'be discovered. Smeeth got over this by regarding 
the quartz and limestone pebbles as “xonoliths or rounded eyes of secondary 
minerals”. 

This difficulty was more pronounced in the dase of the Aimangala conglo- 
merates, since these rocks are largely composed of ])ebbles of such varied 
character as granite, quartzite, hornbleiidic rocks and banded ferruginous 
quartzite, set in a dark grey and somewhat gritty matrix with .some chlorite 
and mica. In referring to this conglomerate, Smeeth says, “it certainly has 
the appearance of a genuine sedimentary conglomerate from the varied and 
rounded character of the pebbles and the contrast which many of them 
afford to the matrix, and for a time, 1 allowed it to pass as such, although it 
was difficult to account for its position in the midst of a wide expanse of 

chlorite schists. Since then, a careful examination of the specimens 

has led me to entirely alter my view. I find that a large number of the 
pebbles are indistinguishable under the microscope from typical portions of 
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the matrix, both consisting of rounded to siibangnlar grains of (luartz in a 
matrix of clayey material more or less impregnated with brown oxide of iron 
I now regard the whole occurrence as being of granite origin and in- 
trusive with the chlorite schists, the granite pebbles being lumps of harder 
material isolated and rounded by shearing and crushing, and the lumps of 
hornblcndic rock and ferruginous quartzite being xenoHths in intrusive 
granite” (W. F. Smeeth, 1910, pp. 34, 35). 

Similar arguments were advanced to explain the nature of the conglo- 
merates elsewhere. In the Ilodigere conglomerates occurring in the Shinioga 
schist belt, the pebbles were considered by Slater to be ”thc result of ]jrcssure 
on intrusive bands or sills of quartzite and granite”, though on the same page 
he says that ” the granite pebbles arc of the llonnali granite variety and shew 
practically no crushing in the microsections’* (H. K. Slater, 1912, ]). 28). 
According to Jayaram, the pebbles in the Cangut conglomerates are “vsliearcd 
and drawn out phcnocrysts and autolilhs in the rock*’ (B. Jayaram, 1922/), 
p. 55). 

As has been mentioned earlier, it was Sampat Iyengar who examined the 
Kaldurga conglomerates in any detail. He was definitely of the opinion 
that the conglomerates were autoclastic. According to him, mineralogically 
there was not much difierence to be noticed between the gritt}^ mica chlorite 
schi.sts and the granite matrix of the conglomerate. The brownish gritty 
mica chlorite schist and the dark green chlorite schist were considered by him 
to be the crushed and altered phases of the Champion gneiss, into which 
tongues of the Tarikere gneissic granite have intruded and got converted 
along shear zones into conglomeratic nias.ses. 

After a fairly intensive study of these conglomerates and grits, both in 
the field and in the laboratory, the writer has come to the conclusion that the 
autoclastic theory cannot l?e applied to ex])lain the origin of these rocks. 
It is proposed to bring together in the following ])aragra])lis, certain data, 
some of which have already been briefly touched upon in the preceding pages ; 
these facts cannot adequately be explained by the autoclastic theory but, 
on the other hand, they suggest a sedimentary origin to these rocks. 

Shape and rounding of pebbles. ~h\mo\iyt every observer who has visited 
the Kaldurga area has remarked on the shapes of the jiebbles and the degree 
of rounding which they exhibit (Plate XXIII). In fact, these were practi- 
cally the main reasons which led the earlier geologists to consider these 
conglomerates as sedimentary. 

Sharp boundary between pebbles and matrix.—Vrom slightly weathered 
specimens the pebbles can be easily dislodged, when they leave smooth 
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depressions. The boundaries of the i)cbbles arc usually clean and marked 
by films of chlorite. This is very well seen even under the microscope 
(Plate XXV, T-igs. A and 5). 

Varied assemblage of pebbles. — I'roin the description which has already 
been given in this paper, it wdll be seen that the conglomerates contain a 
very varierl assemblage of pebbles. In small hand specimens, there arc 
sometimes as many as six different petrographic tyj)cs occurring as ])ebbles. 
This has ])ecn ex])laincd by the supporters of the autoclastic theory as due to 
the crushing of a complex containing different rocks as xenoliths. While 
pre])ared to admit that some of these rock types can occur as xenoliths in 
granite, the writer fails to see how so many different kinds of pebbles could 
be found aggregated within tlic space of a few^ square inches. This implies 
the breaking up of the xenoliths and a bodily migration of the pebbles caused 
by thorough churning of th'e rock during or after the formation of the pebbles, 
assum])tions which are extremely improbable. 

Difference between pebble^ and matrix. — There are well-marked differences 
between the pebbles and* matrix. This is naturally to be expected when 
there arc so many different types of rock represented among the 
pebldes. Tliis difference is not easily noticed when pebbles of granite or 
gneiss are found in the upper division or when pebbles of schist occur in the 
lower division. But identity between ])ebbles and matrix cannot be proved 
by selecting one out of the several types of pebbles occurring in the conglo- 
merate and showing its resemljlance to the matrix. To consider all the other 
varieties of pebbles which do not conform with tlic matrix, as xenoliths or 
segregations is, also, in the writer's opinion, not quite a valid argument. 
According to Slater, the matrix is a crushed (piartz porphyry (II. K. vSlater, 
190(), p. 4). Sampat Iyengar thought' it was the Tarikerc gneissic granite 
(reniiisular gneiss) ( 19 17, p. II .*^), but later referred it to the Champion gneiss 
(1920, pp. 7, 9). The wTiter liiids that the matrix is not quite uniform, though 
there is a general resemblance. The matrix of the low^er division is 
somewhat more basic because of its ])robable derivation from the spilites and 
epidiorites ; this grades upwards into a more acidic type with plenty of 
(piartz and grains of felspar. Chlorite forms one of the chief minerals in 
the matrix of tliese congloiiivvates. 

Distribution of nitile.- -A very suggestive difference between the pebbles 
and the matrix is seen in the distribution of rutile. Yellow^ grains of this 
mineral are abundant in the matrix but are decidedly of sporadic (Kcurrenee 
in most of the pebbles, except in those belonging to spilites and keratophyres. 
Rutile is more prevalent in the lower division than in the upper, and is 
authigenic. 
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Veins in pebbles. — Veins occurring in the j^cbbles stoj) abruptly at their 
boundary with the matrix. 'J'his is very well seen both in the field as well as 
in mierosectioiis. It may be mentioned here, that one of the arguments 
advanced by Wagner for considering certain conglomerates of »South Africa 
as non-sedimentary in origin, is that the original black or browiii.sh-red band- 
ing of the chert can sometimes be traced acro.ss the intervening matrix from 
one “pebble" to the other (P. A. Wagner, 11)27, p. 55). The matrix of the 
Kaldurga conglomerate is often .schistose as the result of ]wcssure, but 
there is no parallelism or relationship between this schistosity and the band- 
ing of the quartzite or gnei.ss pebbles ; they are arranged anyhow. 

Alternation of pebbly and non-pcbbly bands.- Almost throughout the 
Kaldurga area, pebbly layers are seen to alternate uitli line- grained non- 
pcbbly layers. This character imparts a lianded nature to the outcro])s. 
The non-pcbbly layers are .somewhat dee])er in colour than the pebbly bands. 
Slater observed this feature but did not offer any explanation (H. K. Slater, 
lOOG, p. 3). Sampat Iyengar in attempting to ex])lain it by invoking 
l)urely igneous i)henomena, has .sugge.sted that thfs banding is the “result of 
an initial segregation into layers of normal, acid .uid basic ])ortions in the 
gncLssic granite" (P. Sampat Iyengar, 1917, p.“*!()8) — a very difficult explana- 
tion. This banding can be satisfactorily accounted for by the sedimentary 
theory, as it is a phenomenon met with in many sedimentary conglomerates. 
The pebbles are not supplied uniformly, and at certain stages only liner 
material was de])osited. That there is no other difference between these 
bands, could be seen under the micro.sco])e, for the material ('om])osing the 
fine-grained bands is identical with the matrix cementing the i)ebbles in 
the conglomeratic bands. ^ 

Graded bedding, Current bedding.- has been mentioned earlier, the 
])ebbly grits exhibit very goo/d grading on the hills about a mile west of Hali- 
ganur. Thayers of rocks varying in thickness from 9" to 15" occur here, 
and each layer grades from coarse pebbles at tlic bottom to fine grit at the 
top. In other outcrops of the.se grits, a crude cross bedding also showing 
grading of the grains is soinetinies seen. 

Pebbles flattened at right angles to bedding planes.— 'i'hQ pebbles ha\'e 
generally been crushed and llattciicd. In some cases, the pre.ssure has 
acted alnuxst parallel to the bedding planes and hence the pebbles appear to 
stand vertically to the plaqc of bedding. This can be observed very well 
on the hills west of lialigamir. 

Absence of pebbles of age posterior to conglomerates.— \l\\\, who was one of 
the earlier British geologists who recognised the occurrence of crnsh-conglo- 
mcrates, states, “in doubtful cases, the only safe test of original deposition 
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is the presence of foreign fragments sufficiently large to escape being 
confounded with the materials which form the matrix. vSimilarly, the most 
satisfactory proof of defonnational structure is the inclusion of igneous 
boulders derived from rocks posterior in age to the matrix ' (J. B. Hill, 1901, 
p. .‘327). The only rocks which are distinctly of later age in this area are the 
granites of the Tarikere valley and those occurring near Kadur and Birur. 
These granites contain orthoclase and microcline and it is significant that the 
granite pebbles occurring in the Kaldurga conglomerates do not bear these 
felspars. It is interesting to note that the granite pebbles occurring in the 
conglomerates of Lomagundi in Southern Rhodesia, differ precisely in the 
same way from the intrusive granite of the area (Meniiel, 1910, p. 359). 

It has already been mentioned that pebbles of banded ferruginous 
quartzites occur in the conglpmeratcs. Examination of parts of the Shimoga 
schist belt has convinced the writer, that the banded quartzites were not 
deposited at one particular time, but that there were varying intervals 
betweeirthe deposition of the 'several bands. In some cases they are practic- 
ally pure quartzites showing faint traces of banding. Near Allampur, north 
of Cliikmagalur, the quartzites are cirrrent bedded, and this character would, 
perhaps, have escaped observation, if the successive bands were not demar- 
cated by thin ferruginous layers. Some banded quartzites contain more iron 
and these grade into the typical ferruginous quartzites with a high percentage 
of iron. In the exjfianation of the structure of the area offered by the writer, 
the banded ferruginous quartzites are seen to be distinctly older than thccon- 
glonierates, and hence their occurrence as pebbles is naturally to be expected. 

The presence of pebbles of vein (juartz and the runs of vein quartz occur- 
ring in the area, have caused some conf^ision, but it must be recognised that 
these are not all of the same age. The veins connected with the intrinsion 
of the later granites arc, of course, later than the conglomerates, and they 
do not show any signs of pebble formation. 

Evidence of the grits . — The assemblage of varied types of recks occurring 
as pebbles in hand specimens of the conglomerates has been already men- 
tioned. This phenomenon is more prominently noticed in some of the grits. 
The small fragments making up the grits are often of different petrographic 
types. In sections cut from one hand specimen, the writer has recognised 
fragments of granite, pegmatite, micropegniatite, kcratophyre, quartz grains 
and quartzites of different grain sizes. Several ot these are often seen within 
the compass of a single microscction. The boundaries of these fragments 
are quite distinct. It would be extremely difficult to explain this intimate 
mixture of various types of rock by considering that they are crushed xeno- 
liths. There is the interesting possibility that these grits might represent 
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metamorphosed volcanic tuffs, but till more dctiiiite i)roof of this is obtained, 
the writer would like to suggest that such a collection of different types of 
fragments could not have been caused by the action of mere j)ressurc alone. 
Deposition under water is indicated. 

The evidences of pressure on the conglomerates are many, and these are 
mainly responsible for their having been considered as examj)les of crush 
conglomerates. The rock has often developed a scliistose structure and 
the pebbles have been rolled out, elongated or converted into lentictilar shapes; 
sometimes they have been llattened. The effects of pressure arc well seen in 
microsections. Quartz grains usually exhibit iindulose extinction, and larger 
grains frequently show peripheral granulation. Twinning laniellations have 
been enhanced in plagioclase, and are often broken and faulted. 

The writer is not unaware of the po.ssibility that in certain localities in 
the Mysore State, the effects of pressure and igneous intrusion have been such 
as to form brecciation of rocks leading to tlie development of autoclastic 
conglomerates similar to those described from the Isle of Man ((i. W. I^amplugh, 
1903, pp. 55-58) and Spitzbergen (G. W. Tyrrell, *192'!, pp. 4 (>3-04). The 
evidences put forward in this paper are confined ])urely to the region under 
investigation and point definitely to the conclusion that the Kaldiirga conglo- 
merates have had a sedimentary origin. 

9. Other Ancient Conglomerates in India. 

A brief mention may be made here of similar ancient conglomerates 
recorded from other parts of India. Bruce ffoote who considered all the 
Mysore conglomerates as sedimentary, was of the same oi)iiiion regarding 
those found in the Lower Transitions of the Beliarv District, Madras (R. Bruce 
Foote, 189G, pp. 80, 87, 105-107, 14y). Typical crush conglomerates have 
Ijeeii described by Hayden from the Lower Hairnaiitas in the valley of the 
I/ipak River (H. Hayden, 1904, pp. 11-12). Maclaren has considered as 
sedimentary those conglomerates occurring in the Tuiigabhadra region where 
pebbles and boulders of granite, apatite, (piartz-porphyry, (juartzite and 
banded jasperoid quartz occur emliedded in a schistose felspathic matrix 
containing chlorite (J. M. Maclarcii; .190(5, p. 1 08). Underlying the manganese 
ore band at Ukua and Balaghat, I'ernior noticed a rock which appeared to be 
an ordinary mica-gneiss. vSince there were pebbles of various materials like 
white quartz, granite and gneiss, set in a matrix which resembles the composi- 
tion of a micaceous gneiss, hp considered this rock as a metanioriihoscd con- 
glomeratic grit, similar to those described by Cunningham Craig from the 
Loch Lomond district in Scotland (L. L. Fermor, 1909, p. 311). At Rewasa, 
in Rajputana, sedimentary conglomerates of the Aravalli system contain 
pebbles of white quartz, pale and dark grey quartzite, ivhite grit and mica 
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schist ; these arc found in a schistose matrix of biotite an3 chlorite with 
octahedra of magnetite (A. M. Heron, 1917, p. 17): In north Singbhum, 
interbedded with ])hyllitic slates, there are conglomerates which contain 
pebbles of quartz, l)andcd and normal quartzite, chlorite schist, tourmaline- 
quartz rock and granite, set in a sericitc-quartz schist matrix. The rocks 
are highly sheared but according to Dr. Dunn they are not autoclastic but 
setlinieiitary rocks de])osited during periods of intervolcanic erosion (J. A. Dunn, 
1929, ]). 35). Recently a detailed study of some conglomerates of Dharwar 
age from Chota Nagpur and Jubbulporchasbeen madeby Dr. Krishnan. The 
]u»bbles arc of quartzite, micaceous c|uartz-schist, translucent vitreous 
quartz, line-grained biotite schist, phyllite, granite and occasionally tour- 
maline-(iuartz rock. The groundmass contains chlorite, sericitic matter, 
some biotite and magnetite. These conglomerates are considered by Krishnan 
to be of sedimentary origfii, though locally the crushing and shearing have 
been so intense as to impose autoclastic characters (M. vS. Krishnan, 1934, 
])]). 455-63). A similar conclusion has been arrived at by Ray regarding 
some of the conglomerates found in the Jubbulpore District (S. K. Ray, 1932, 
pp. 11 3- IS). 

, JO. Summary. 

A very well-developed bed of conglomerate outcrops in and around Kal- 
durga in the Kadur District. The olhcial oj)inion of the Mysore Geological 
Department regarding these conglomerates is, that they are of autoclastic 
origin. As the result of a detailed study of tlie ])ebbles and the matrix, the 
writer has come to the conclusion that the conglomerates are not autoclastic, 
but that they are sedimentary formed. The intense crushing and shearing 
to which they have been later subjected, have tended to obscure their original 
nature. A very varied assemblage of pebbles has been discovered by the writer, 
'riic pebldes arc composed of granite, gneiss, pegmatite, aplite, microgranite, 
graiiodiorite, graiiophyrc, amphibolite, lijornblehde schist, serpentine, quaitz 
felspar porpln^ry, felsile, rhyolite, keratophyre, albite dolerite, spilite, quart- 
zites, quartz schist, magnetite (juartzite, idi> llitc and limestone. The shape 
of the pebbles, the mincralogical and textural differences between the pebbles 
and the matrix, and absence of pebbles belonging to rocks posterior in age to 
the matrix of the conglomerates are some of the reasojis adduced in favour of 
a sedimentary origin for tliese conglomerates. 
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EXPLANATION OF PLATES. 


Plate XXllT. 

Specimen of conglomerate containing several types of pebbles, such as granite, gneiss, micro- 
granite, pegmatite, quartz felspar porphyry, spilitc, quartz schist and (piartzites. 
Many of the pebbles are rounded. X ^ natural size. 

Plate XXIV. 

Fio. 1. — Ordinary light. Sheared chloritic grit. The colourfess areas are formed of quartz 
and the dark portions, mostly of chlorite. X * 

Fig. 2. — Ordinary light. Grit, 1 mile W. of Baliganur. A fragment of somewhat altered 
spilite is present. The colourless fragments are of vein (fuartz and quartzite. X 22. 
Fig. 3. — Crossed nicols. Section of granophyre pebble. A crystal of plagioclase is surrounded 
by the characteristic niicrogn'iphic intergrowth. X 30- 
Fig. 4. — Crossed nicols. Section of pebble of (juartz felspar porphyry. The felspars are 
almost all of them albites. The groundmass is minutely crystalline. Quartz 
occurs in patches with a mosaic texture. X 22. 

Fig. 5. — Crossed nicols. Section of quartzite pebble with typical mosaic texture. X 22. 

Plate XXV. 

Fic. 1. — Ordinary light. Section of magnetite quartzite pebble. It is not so ferruginous as 
the typical hematite and magnetite quartzites of the Bababudans. The banding 
is emphasised by the parayd arrangement of the minute octahedra of magnetite. 

X 22. 

Fig. 2. — Ordinary light. Section of limestone pebble. Chlorite and magnetite are associated. 

X 22. 

Fig. 3. — Ordinary light. A portion of the matrix. The abundant colourless mineral is 
muscovite, which is associated with chlorite. X 22. 

Fig. 4.— Crossed nicols. Illustrates the sharp contact of a granite pebble with the fine-grained 
quartzusc matrix. X 22. 

Fig. 5. — Ordinary light. The dark thin line separating the pebble from the matrix is com- 
posed of chlorite. X 22. 



THE RESPIRATORY SYSTEM AND THE MODE OF 
RESPIRATION OF THE WATER-BUG, SPHyPlRODEMA 
RilSTICUM FABR., WITH REMARKS ON THOSE OF 
NF.PA, LACCOTREPHKS AND RANATRA. 

Hy M. J. Prijss\vai,i,a 

AN’1> 

C. J. Gk(>r(1k. 

(Prom fhc Drpar/mi'iit of liiolotjy, It'ilsoii Collct/c. Homhay.) 

kcciivecl August 19, 1935. 

(Coiiiiiiiinicatetl !)y l*rof. 1*. R. Awati, i.K.s.) 

/. Introduction and Historical Survey. 

Ai,i, adult insects are air breathers, and whether they live in air or water 
they' deyiend upon alnio.spheric air for their respiration. The immature 
stai<es of a few insects have become completely independent of atmospheric 
air by developing blood gills or tracheal gills for respiring dissolved oxj’gcn 
from the water, while most are like the adult air breathers. This is so be- 
cause insects are primarily terrestrial creatures and have, like the aquatic 
iiuimnials, taken to water secondarily, possibly on account of keen competi- 
tion on land. Amongst the adult insects a few of the llcteroptcra and 
Coleoptera alone are perfectly adapted to live in water. These water-bugs 
and water-beetles carry a supply of air under their wing-covers and swim 
about freely in water, their hind legs acting as elhcient oars. W’hile sub- 
mergc<l they breathe this air by mcan^^ of the dorsal thoracic spiracles. Occ a- 
sionally they come up to the surface to renew this siipjdy. W’hen on the 
surface, they breathe directly from the atmosphere by means of the last 
pair of abdominal spiracles which is specially ada])ted for the pur])ose. 

Of the llcteroptcra, the Cryptocerata are acpiatic or seini-aquatic. The 
aquatic families of the Cryptocerata arc : Naucoridje, liclostoiiiatidjc, 
Nepidic, Notoiiectuke, Pleidie and Corixida.*, — all of these have peculiar 
adaptations which have solved the problem of breathing the atmospheric 
air under water. Tlie .study of these insects has occu])icd the attention of 
various workers, but except for Nepa and Ranatra of the family Nepidte, 
detailed rvork has not so far been done on fnese insec^ts. Of the earlier 
investigators, Dufour made a wide study^ of the aquatic Ilemiptera. He 
was the first ( 1 82 1 ) to note the “tracheo-pareiichyiiiatous'' organs pecidiar to 
the non-llying aquatic bugs, in Nepa and Ranatra, Martin (1890) pointed 

280 



Rcspiraliqn of the Watcr-liu^^ Sphan-odema rusticum Fabr. 281 

out certai.: respiratory adaptations in the nymphs of the Belostoniatidfe, 
Naucorida* and 'Nepiclie. Dogs (1008), Maiilik (1910) and Brochcr (1916) 
studied the respiratory ^system of Kepa cinerea in detail. I'erriere. (19H) 
made a comparative study of the '‘tracheo-parenchymatous” organs of Nepa, 
Ranatra and Naucoris. ^luttkowski (1020) gave a collective revie^v of the 
respiration in the acpuitic insects. In 1021 Muttkowski made a valuable 
contribution on the role of insc'ct bh)od in carrying oxygen. This function 
of insect blood has thrown a new light on the study of the respiration of 
aquatic insects. I’oisson (1021) in his study of the atjuatic IIemi])tera dealt 
with the ''trachco-])arcnchymatous” organs, esix'cially of Nepa. Recently, 
J^ee (1920/;) and Wiggle.s worth (19‘5I) reviewed llie subject of the res])irati()n 
of insects. Hamilton (19.‘5l) in her monogra]>li on Nepa cinerea added to 
our knowledge of the respiratory system of this insect. The above records 
show that except for Nepu detailed studies on the respiration of other a(|uatic 
insects have not been undertaken, and there is a valuable iield awaiting 
investigation. 

Spluerodema rusticum I'abr. which forms the^subject of this pa])er 
belongs to the family Helostoniatidic. Apparently no work has been done 
on this insect, and while studying its rcsjnratory system, the writers under- 
took also to work out its morphology. This has however been incorporated 
in a separate pa])er. The only record found on this water-bug is by Hoffmann 
(1926) who studied the life-hi.story of this s])ecies, and described the Jive 
nymphal instars. 

The material for the ])resent study was collected fnmi a fresh-water 
tank in a ‘oiiburb of Bombay. Together with Spiunudema were also collected 
specimens of iMCcotrephcs L. i:!^risca and species of Ranatra 

(Nepkhe), Plea (Pleidfe), Ntdonetia '\otonectida’) and Micruvelia (Hydro- 
nictri(ke) and comparative ol)servations made on them. v^])ecimens of 
i^epa cinerea were ol;tained fftr comparison of certain structures from the 
British Museum (Nat. Hist.). 

Spluprodema rusticum — The hco forms, 

SpiKcrodcma rusticum manifests a remarkable case of alary dimorphism. 
One form posse.sscs normal wings while the other has degenerate wings. In 
the latter the hemelytra have lost the membrane portion and the inner 
wings their entire anal region while the remaining portion of the inner wing 
is very much reduced in si/e. I ntermediate forms with degenerate inner w ings 
but with the hemelytra having»thc membrane portion i)artly or fully dcvclo];ed 
were also found. The differences in the wings have an im])ortant bearing ou 
the structure of the thorax. The indirect wing muscles together with the 
phragma to which they are attached are found missing in the degenerate 
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winged form, while in the full winged form these parts are present, but the 
wing muscles have been modified to form the peculiar structures called the 
“ tracheo-parenchymatous** organs. Associated with these organs are a 
few air sacs in the mesothorax which are also absent in the degenerate winged 
form. The significance of these differences in the two forms is not (juite clear. 
The degenerate winged form devoid of these structures does not seem to be 
adversely affected in any way. The general morphological characters and 
those of the genitalia of the two agree and establish that they are two forms 
of the same species. The presence of intermediate forms and a common 
habitat also suggest that they are conspecific. 

Laccotrephes and Ranatra, collected along with SphcBtodema, in- 
variably showed normal winged forms only, although these have also lost 
the power of flight and have their wing muscles modified into the “tracheo- 
parcnchymatous* ’ orgar s. 

II. The Respiratory System of the Adult. 

1. The Tracheal System (Pig. 1). 

There are two main longitudinal tracheal trunks (A.T.) running along 
the dorsal region of the abdomen. Posteriorly they open on the ventral 
wall of two strap-shaped retractile organs (R.O.), which represent the modi- 
fied eighth abdominal segment, by a pair of spiracles (8th ^Abd. Sp.). An- 
teriorly each trunk terniiuatcs by a very large siiiracle (1st Abd. vSp.) situated 
dorsally on the intersegmental membrane between the metanotum and the 
first abdominal segment, on the margin of the body. A very stout trachea, 
the thoracic si)iracular trunk (S.T.), connects this large spiracle with a 
spiracle (Mt. Sp.) on the dorsal anterior side of the metathorax, below 
the base of the wing. Prom this tl\e si)iracular trunk is continued into the 
prothorax oblupiely inwards, as the main thoracic trunk (T.T.). The trunks 
of the two sides converge into the head. In the anterior part of the pro- 
thorax each of these trunks bifurcates into a dorsal and a ventral brancli, 
the former (H.T.) supplying tracheoles to the head and the brain, and the 
latter (R.T.) leading into the rostrum. Immediately on entering the pro- 
thorax, on each of these oblicpie thoracic trunks opens a large oval spiracle 
(Ms. Sp.). Tliis si)iracle is situated on the ventral wall, attached to the 
intersegmental membrane between the pro- and nieso-sterna. 

P'roni each of the two abdominal tninks (A.T.) arc given off to the out- 
side six lateral abdominal branches (S.B.) in segments first, third, fourth, 
fifth, sixth and seventh, each terminating in a spiracle on the sternal wall. 
The first abdominal spiracular branch is very short and lies in the reduced 
first abdominal segment. This branch supplies a cluster of tracheae to the 
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reproductive organs in both the Jnale and the female. The second abdominal 
segment being very much reduced and completely overlapped by the first 
it possesses no spiracular tracheal branch and no spiracle. The remaining 
five lateral abdominal branches lie in segments three to seven and end in 
spiracles on the ventral wall of these segments. The spiracular branches 
of the alxlomiiial segments, three to six, each gives out three secondary 
tracheie. One (A.C.T.) arising anteriorly near the inner end supplies the 
digestive organs. A second (P.B.) originates posteriorly from the middle 
of the spiracular branch and supplies the fat body and the body wall of the 
surrounding region. The third branch (V.T.) is again anterior and emerges 
nearer the spiracle. It immediately runs ventrally inwards and joins with 
the corresponding trachea of the opposite side. Tt sends out tracheoles to 
the ventral body wall of its segment. At its origin, an outer anterior branch 
(A.B.) supplies the outer coiinexival region between the sjuracle of its own 
segment and that of the ])receding one. The lateral abdominal spiracular 
trachea of the seventh segment gives only one branch which ramilies into 
the hind gut. Behind this region, the main longitudinal trunk, before it 
terminates in the eighlli abdominal spiracle, gives ont on the inside, fine 
l)ranches to the tip of the abdomen and the genitalia. Also, a fine ventral 
transverse commissure connects the two main trunks in the sevciitli segment 
(V.C.). 

At the point where the main abdominal trunks (A.T.) diverge into the 
metathorax, emerges a pair of longitudinal trachea? (I/.T.) which runs parallel 
in the mid dorsal region of the thorax and terminates dorsally on the main 
thoracic tracliCiT (T.T.) of tlie res])ecliv'e sides, just above the large oval 
sijiracles (Ms. Sp.). These longitudinal trachcje are x ery thin in the degene- 
rate winged form l)ut in tlie full wiiigpd form they are stout and pUvSS through 
the dorso-longitudinal muscles which form the “ tracheo-])arcnchymatous" 
organs, gix'ing out numerous traii.sverse branches on all sides. The longi- 
tudinal tracheic of the thorax before '•’hey terminate on the main thoracic 
traclieie, give out branches to the salivary glands (S.O.T.) and to the dorsal 
outer body wall of the ))rotli()rax. I'roin the middle of the thoracic spiracular 
trunk (vS.T.) arise two transverse branches ; one of these, the dorsal branch 
(D.B.), joins the longitudinal trachea (I/.T.) of its side as that trachea enters 
the scutellar region, and in the normal winged form supplies trachea; to the 
dorso-lateral muscles which form the subsidiary ” trachco-parenchyrnatous" 
organs; the other, the ventral branch (Y.^k), divides into two ; the pos- 
terior of these two offshoots (T.B.) runs transversely and joins the corres- 
ponding branch of the opposite side, while the anterior one (Ms. I). T.) runs 
diagonally forwards and terminates dorsally on the main thoracic trachea 
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of the opposite side. As the diaj^onal branches of the two sides cross in the 
middle of the mesotliorax they unite with each other to form a big ventral 
tracheal cross (Ms.T.C.). This cross supports the mesothoracic nerve 
ganglion and supplies traeheoles to it. Just before its anterior terinination 
the diagonal trachea (Ms.D.T.) gives off a thin branch (Pr. 2) to the 
prothoracic leg. Another stouter branch (Pr. I,.T. 1) from the main thoracic 
trachea (T.T.) also sup])lies the prothoracic leg. At the junction wlierc the 
main thoracic trachea and the si>iracular trunk trachea meet, is given out 
a short club-like tracheal ])ranch (K) which lies transversely on the dorsal 
side, in the mesotliorax. It ramifies into the surrounding tissue. Prom 
the junction just referred to arises on the outer margin the short but 
stout metathoracic spiracular branch. This branch gives out anteriorly 
a short open bulbous trachea (Ti.T.) which lies freely in a membranous 
cavity of the body wall. This bulbous trachea bfing open and unattached 
distally, air from it passes into the body cavity. I'roni the first abdominal 
spiracle an independent stout trachea (Mt. Iv.T.) to the metathoracic leg 
and from the mesothoracic spiracular branch rf stout trachea (Ms. I^.T.) to 
the mesothoracic leg are supplied. Of the two prothoracic leg traclietc, the 
stouter one (Pr. b.T.l.), before it enters the leg, gives out a ventral diagonal 
branch (Pr.l).T.) which joins the rostral branch (R.T.) of the opposite side. 
The two diagonal trachcjc of the ojiposite sides as they cross each other unite 
to form in the prothorax a small tracheal cross (Pr.T.C.) similar to the one 
found in the mesotliorax. Tliis cro.ss supports the subocsophageal ganglion 
and supplies traeheoles to it. 

2. The Tracheo-paycnchymaUms Organs and Air Sacs (Pig. 2). 

The re.spiiatory systems of the two forms of adults are similar in all 
respects except for certain air sacs, the so-called “ trachco-parenchyinatous 
organs*' and a ])air of chitiiious ])hragma connected with their attachment, 
which are present only in tlieVull winged form. W'hen the scutellnm of the 
normal winged adult is removed, the " traclieo-parcnchymatous organs " 
(D.T.O. and S.T.O.) become visible. The.sc organs have been the subject 
of intensive study in Nepa, Ranatra, etc., by various investigators, notable 
amongst whom is Perril*rc who devoted an entire paper to the com])arative 
study of these organs in Nepa, Ranatra and Naucoris. In Sphcirodema 
these organs consist of two pairs, a dorsal longitudinal pair and an oblique 
lateral pair. The dorsal organs (D.T.O.) are attached anteriorly to a semi- 
circular chitiiious apodeme, an endotergite from the anterior margin of the 
scutellum, and j)osteriorly to a broad V-shaped phragma projecting down 
from the posterior margin of the metanotum, which lies below and a little 
anterior to the apex of the scutellum. These two endoiergites are special 
B4 ** 
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KiG. 2. The tinchcallon of the thorax- -Macroplerous adult. 
(.Showing the tradieo-parenchymatous orj^aiis and air s.ics.) 


developments for the attachment of these organs, and together with these 
organs are found missing in the degenerate winged form. The oblique 
lateral organs are attached anteriorly to the curved down anterior margin 
of the scutellnni outside the attachment of the dorsal longitudinal organs. 
These, known as .subsidiary “ trachco-parenchymatous organs” (S.T.O.) 
run backwards and iiuvards and going below the dorsal organs attach them- 
selves posteriorly to two thin a];odemcs from the metanotum. These thin 
apodemes are present in the degenerate winged form also, although in that 
form no muscles are attached to tliem. *' 

The ” tracheo-])aicnchymatous organs” arc made up of a nctw’ork of 
trachea? enclosing thin longitudinal parenchymatous cells. The tracheation 
of the organs can best be seen by soaking them in a J0% solution of Cau.stic 
Potash for over forty-eight hours. This leaves the tracheal network free of 
the fibres. The histology of the organs can be better understood from micro- 
tome sections. The dorsal longitudinal trachea? of the thorax (ly.T.) pass 
through the dorsal organs giving out numerous transverse branches on all 
sides which ramify in the parenchymatous tissue. These organs have been 
identified with the dorso-longitudinal indirect wing muscles by Ferri^re 
and others. The subsidiary organs are supplied with tracheae from the 
branch D.B. I.ongitudinal sections (Figs. 4 and 6) reveal the muscular 
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nature of the organs. The fibres are obviously muscle fibres and bear large 
prominent nuclei, but they however show no cross striatioiis of the normal 
muscle fibres. From a comparison of these organs with the imlircct wing 
muscles of flying insects it is evident that there are fewer muscle fibres and 
more tracheal branches in these organs. The traclicie themselves are more 
inflated than in the ordinary muscles. The openings of the transverse 
branches into the longitudinal central trachea, are relatively smaller in dia- 
meter than the branches thcmsi'lves (Fig. 4). I^'errii^rc lays stress on this 
point suggesting it as a means of retaining air in the transverse branches 
and preventing it from getting back into the central trachea. 



In the degenerate winged form the longitudinal thoracic trachea; (T/.T.) 
are very thin and bear no transverse branches along their lengths. They 
lie loosely suspended in the thorax (I'ig. 3). 
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Dufour (1821) was the first to describe the tracheo-parenchymatous 
organs of Nepa and lianatra. Tic and Dogs (1908) assign to them a pulmo- 
nary function. Ferrifere (1914), Brocher (1916), and Poisson (1924) regarded 
them as degenerate indirect wing muscles with no apparent function, being 
vestigial organs. Ferrifcre believed that the tracheation of these organs is 
the normal tracheal supply of the wing muscles, but this view can hardly 
be accepted, since in comparison with the normal wing muscles of insects 
like the cockroach and the honey-bee these organs have more and larger 
tracheie and fewer muscle fibres as already stated. Transverse sections of 



Fig. 4. L. S. through the centre of the tracheo-parenchymatous organ. X 366*67 


these organs (Pis. XXVI and XXVII) show that the structure is not that 
of a normal muscle. Maulik (1916) suggested that these organs served to 
store air. Poisson considered the degeneration of the muscle fibres as due 
to phagocytosis, but examination of the fibres in Spharodema has not shown 
any phagocytes in them. Hamilton (1931) discusses the various viewpoints 
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in her paper on Nepa, and she also disagrees with Kcni^rc as regards the 
tracheation of these organs and with Poisson as regards the presence of 
phagocytes. She is however of opinion that these organs cannot be without 
any function as Ferrifere and others suggested, although their histology 
has so far failed to indicate anything definitely. She concludes that 
physiological investigations only may throw some light on the matter, but 
she is doubtful about the possibility of devising any satisfactory experiment 
for the purpose. 

In addition to these organs the full winged adult possesses a pair of 
large air sacs (Fig. 2) on the dorsal side and a number of smaller ones 
on the ventral side in the mesothorax. The functions of the air sacs, which 
are best developed in actively flying insects, like the honey-bee, have been 
variously interpreted. Snodgrass (1925) snys: ^*‘The reason for the air 
sacs of insects is a subject concerning which there has been considerable 
difference of opinion’' (p. 203). vSoiiie think that they give buoyancy to 
the insect in flight. But this has been disputed from the ]>hysical point of 
view. Others suggest that they store air for the respiration of the insect 
when aectively flying, as breathing through the spiracles would then be difficult. 
But insects cannot exist for any length of time without taking in atmospheric 
air through the s])iracles. T,ce (1929a) gives a very feasible explanation 



of the presence of air sacs in insects. lie considered their function as 
“ chiefly mechanical, in allowing a considerable volume of air to be inhaled 
and exhaled, thereby causing greater ventilation of the larger tracheal trunks 
than would be possible otherwise”. 

As Spheerodema shows two forms, one possessing these organs and sacs 
and the other not, it was possible to devise some experiments to see the 
nature of the function of the trachco-parenchymatous organs. vSpeciniens of 
both these forms were kept submerged in water and were prevented by 
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wire-netting from reaching the surface for a renewal of air. The indivi- 
duals of both forms died or became stupefied at almost the same time. 
These results show that the possession of the “ tracheo-parenchymatous 
organs ” and air sacs gives no respiratory advantage to the full winged 
form. 

The specific gravities of the two forms were then estimated to see if 
the possession of these organs and sacs made any appreciable difference in 
the buoyancy of the two. Both were found to be lighter than water, 
but the degenerate winged form was found to be denser than the full winged 
form. The sjjccific gravity of the former was and that of the latter *88. 
Granting that other structures are similar in the two forms, it has to be 
concluded that the full winged form is more buoyant, most probably on 
account of the presence of air sacs and the " tracheo-parenchymatous 
organs**. The conclusion therefrom is that the “tracheo-parenchymatous 
organs** have no a])parent respiratory function but they in conjunction 
with the air sacs or otherwi^, decrease the specific gravity of the animal. 
This feature may be advantageous for the insect in coming up to the surface 
of the water but it is a distinct disadvantage in going down. 

We are of opinion that the “ trachco-parcnchymatous organs ** arc 
only an intermediate stage in the degeneration of the indirect wing 
muscles which have completely disappeared in the other form, and 
have no apparent function. This view also gains support from Ferriere 
who noted different grades in the degeneration of these muscles in Nepci 
and recorded four individuals of that insect in which he found the wing 
muscles perfectly well developed. Poisson recorded 5 s])eciniens of Nepa^ 
out of .‘300 that he examined, having “ des muscles vibratcurs normeaux’*. 
vSuch individuals may therefore be capable of flight. Three specimens 
of Spluerodema were collected in flight and an^jexaininatioii of their indirect 
wing muscles revealed normal structutes. Brocher from his study of 
Nepa came to the conclusion that the acpiatic Hemiptcra are on the road 
to lose their power of flight. “ Fe fait est d*autant plus interessaiit 
que les lleuiiptiires acpiaticiues sont elTectivenient cn train de perdre la 
faculte de voter. Chez plusieurs d*entre eux, il existe dejil des formes 
aptferes ; par example chez la Naucore et chez rAphelocheirus.** He is of 
opinion that evolution in these insects takes the line of developing 
wingless forms and that in course of time Nepa also will evolve apterous 
forms like the apterous Naucorida?. “ Nous saisissons done, pour ainsi 
dire, au d^but, revolution vers une nouvelle forme. De meme (ju*il y a 
des Naucores ailecs et des Naucores aptferes, il apparaitra peut-etre, plus 
tard, des Nfepes apt^res.** 
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3. The Spiracles (Vig. 1), 

All Rhynchota, without exception, possess ten pairs of si)iracles, three 
on the thorax and seven on the abdomen. Tii naming the thoracic spiracles 
of Rhynchota, Schiddte used the terms i)ro-, iiieso- and meta-thoracic 
spiracles respectively, because of their situation and because they sui)ply 
tracheae to these segments. :Maiilik followed him in describing the thoracic 
spiracles of Nepa. Recent cmbryological studies, lunvever, show that the 
prothoracic spiracle of the embryo is lost in the Rhynchota, as in many other 
insects, and that the three pairs of spiracles ]:)resent in the thorax in the 
post-embryonic stages, are of the mesothoracic, metathoracic and first 
abdominal segments respectively. Tmms mentions: ‘'Among adult winged 
insects there is no indul)itable instance of the ])rotlioracic spiracles being 
present. Those often regarded as belonging to this segment pertain in all 
probability to the mesothorax, having nndergohe a secondary forward 
migration.” Brocher and Hamilton have taken tliis view and have called 
the three thoracic si)iracles of Nepa, mesothoracic, metathoracic and first 
abdominal respectively. We have followed this enumeration as it seems 
to be the more correct. 

In Spheerodema, the first and the second alxlominal segments are very 
much reduced. Though the first abdominal segment bears a pair of spiracles 
the second is without any. Since the ])air of si)iraclcs on the metathorax 
is to be regarded as belonging to the first abdominal segment, the spiracles 
found on the first segment should be regarded as those belonging to tlie 
second abdominal .segment. The rest of the abdominal segments (3 to 8) 
each bear a pair of si)iiaclcs of its own. 

The Mesothoracic -The^first spiracle (Ms. vSp.) lies on the 

membrane between the pro- and the me.so-sterna, and is completely hidden 



KlG. 6, Mesothoracic spiracle of the adulU X 55*34t 
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from view. To expose it, it is necessary to remove a portion of the pro- 
pleuron. The spiracle is very large and oval and is peculiar in being placed 
not at the end of a trachea but on the wall of the main thoracic trachea just 
as it enters the prothoracic region. In Laccoirephes, Nepa and Ranatra 
we found this spiracle in the same position but the fact is generally not made 
known. Although Schiddte and Bueno described its position correctly in 
Nepd and Ranatra, both Maulik and Hamilton showed it in Nepa at the end 
of a trachea. Brocher's figures of this spiracle in Nepa give the appearance 
of being on the wall of a trachea but he does not give any description of its 
structure. 

This spiracle is covered by a thin membrane having a network of 
chitinous veins (I'ig. 6). It opens into a side cavity of the prothorax, formed 
by the lateral extension of the tergum and sternum of that segjiient. This 
air cliamber is closed but could be made to open to the outside if the pro- 
thorax is fiexed ventrally. The spiracle therefore though \'entrally situated 
has to get its air connectioii^on the dorsal side. 

The Metaihoracic Spiracle and the Supernumerary Spiracle. — The second 
spiracle (Mt. vSp.) is more difficult to locate than the first. It is completely 
hidden from view by a Idngitudinal chitinous ridge (C.R., I'igs. 2 and 3) 
arising from the upturned meso-pleuron (Ms. PI.) which forms an air channel 


Supernumerary 
Spiracla. 

Cs. Sp.) 


Metathopacic 


FIG. 7. Metathuracic spiracle of the adult. X 55*34. 

Oil the side of the metathorax. This chitinous Kdge divides the air channel 
referred to above into two, an inner chamber (I.C.) and an outer chamber 
(O.C.). The ridge also closes completely the inner channel on the dorsal side 
and so hides the metathoracic spiracle which opens inside. On carefully 
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removing the chitinoiis ridge the s)3iraclc is exposed, but even then it is not 
easily detected being inconspicnoiis. In structure, it is similar to the 
mesothoracic spiracle having a membranous covering with a chitinous 
network (I'ig. 7). It is however located at the end of a short tracheal branch 
unlike the mesothoracic spiracle. 

Another peculiar structure (S.Sp.) which is likely to be mistaken for the 
metathoracic spiracle lies immediately anterior to it and projects into the 
outer air channel. This structure is a membranous hood-like projection. 
The membrane is strengthened by line zig-zag chitinous rings (h'ig. 7). It 
becomes visible on removing the hemelytron, near the base of which it lies. 
If obvServed for a time it is seen to expand into the otiter channel at every 
exhaling action of the insect, and relax rhythmically like the action of a 
bellows. This ex])ansioii is due to air being forced into it from inside the 
body. In describing the tracheal system it was mentioned (p. 10) that from 
the short metathoracic spiracular trachea arises a short oj)en bulbous trachea 
(B.T., Figs. I, 2 and 3). The terminal portion of this bulbous trachea lies 
loosely in the cavity formed by the membranous liixvil and opens into it. Air 
coming out of this bulbous branch escapes into the hood and diffuses out 
through its membrane. This structure we have* termed the vSu])ernumerary 
Spiracle since it cannot be regaided as belonging to the normal spiracular 
number. As the bulbous trachea is free distally, i)art of the air it gives out 
passes into the body cavity as well. I'igs. ‘1 and 1 give a general view of 
the whole structure. 

It has been de.scribed above that the metathoracic spiracle (Mt.Sp.) 
opens into the inner air channel (f.C.) and the supermuiierary sjjiracle (vS.v^p. 
opens into the outer air channel (O.C.). These air channels are in communi- 
cation with the .storage air under tin llemelytra. The air channel is divided 
into two distinct chambers probably becau.se there arc two kinds of air in 
them. The structure of the hood is meant only to expand outwardly when 
air is given out by the bulbous trachea. Observations on it do not .show 
any indication of an inward current passing into this spiracle from the air 
channel. It is reasonable therefore to assume that the outer channel is an 
excurrent channel, impure air passing out from the sujiernumerary spiracle 
into it, and that the inner channel must be an incurrent ('hannel taking in 
pure air to the metathoracic spiracle from the air .storage under the hemelytra. 

Identical arrangements are found in Bclostoma, Laccotrephes elongalm, 
L, grisea, Nepa cinerea and Rdhalra. But neither Maulik (101 0) nor Hamilton 
(1931) has made any reference to the true metathoracic spiracle in their 
papers on Nepa. The figures they give of the metathoracic spiracle (Alaulik’s 
mesothoracic) and the descriptions thereof arc really of the supernumerary 
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si)iracle. Both these authors therefore have mistaken the supernumerary 
spiracle for the true metathoracic spiracle, in spite of the fact that its structure 
is very different from the other spiracles on the thorax. The metathoracic 
spiracle being small and completely hidden in the inner closed channel has 
evidently been overlooked and the more prominent supernumerary spiracle 
lying in the outer channel mistaken for the former. 

In Nepa, Laccotrephes, etc., there is another structure similar to the 
su])crnumerary spiracle near the third (first abdominal) spiracle on the 
mctanotiim. This however has no tracheal connection to it. Hamilton 
has noted this structure in Nepa and has called it a ** false spiracle ” as it 
has no trachea opening into it. She noted the similarity between her 
** metathoracic (supernumerary) spiracle” and her ‘‘false spiracle” but gave 
no explanation as to their homologies or their functions. Brocher (191G) 
observer! and described both these structures, the ” sui)ermimerary spiracle ” 
and the ” false spiracle”, in the meso- and meta-tliorax of Nepa correctly, 
but he was unable to say what these organs w^re. He called them simply 
enigmatical organs. In a note about these he confesses: ” J 'ignore ce 
(pi’est cot organe enigniatic^ue ; iin autre semblable se troiive tout prl^s et 
uii pen avant du premier stigmate abdominal”. 

We have observed botli the supernumerary and the ” false ” spiracles 
of Laccoirephes expanding .slightly at exhalation as does the supernumerary 
spiracle of Spheerodema. The “false” spiracle, though unconnected with 
any trachea, seems to give out air, probably that which is given out by the 
bulbous trachea into the body cavity. We presume therefore that both 
serve the same function, viz., that of giving out air. Neither Brocher nor 
Hamilton suspected this fact and so they were unable to assign any function 
to these organs in Nepa. In S pheerodema and Belosioma the so-called false 
spiracle is not present. The structure .of thc*ke organs in the two families 
Belostomatida; and Ncjndai differs. The ii'.embranous covering in Sphcerodenia 
and Belosioma is loose and liood-likc and so can expand far out into the air 
channel. In Nepa and Laccoirephes the membrane is circular and expands 
but slightly. The fine chitiuous markings in the former are in zig-zag rings, 
while in the latter they are more or less straight or curved lines. 

The First Abdominal Spiracle. — The third spiracle (1st Abd. vSp.) is 
placed between the metanotum and the first tergum of the abdomen, and 
opens directly into the subelytral air chamber from which it draws its air 
supply. It is about as large as tlie first spiracle (Ms.Sp.), and is very promi- 
nent and easily spotted on opening the wings. The structure of the mem- 
branous covering is similar to that of the first two spiracles on the thorax 
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but the membrane protrudes a little and is not Hush with the surrounding 
body wall as in the others (Kig. 8). 

The Second Abdominal Spinicle. -T\w lourth spiracle (2nd Abd. Sp., 
I'ig. I) is again very diiTicult to Jind. It is sjiinll and lies coinjdetely 
hidden on the reduced menibranous first abdominal sternum which is tele- 
scoped into the metathorax. The spiracle can be noticed only on separating 
the abdominal sternite from the thorax. In structure it is similar to the 
spiracles on the thorax, being covered over by the metasternum it becomes 
non-functional though by itself it is not blocked up like the following abdo- 
minal spiracles. 

The Third to the Seventh Abdominal Spiracles. — The second abdominal 
segment is very much reduced ])eing ])ushe(l back by the projecting meta- 
sternum and only a pair of small triai!:;iifar side ])ieccs remains. The segment 
therefore bears no spiracle, its s])iraclc being ])ushed to the first segment as 
mentioned above. The third and the following abdominal s])iracles there- 
fore lie on their ])ro])cr segments. The third to the seventh abdominal 
spiracles (3rd Abd. vSp.— 7th Abd. Sp., h'ig. 1) or serially tlic spiracles lifth 
to ninth, are all ventral, situated on theconnexivum of the abdomen. As the 
ventral side of the abdomen is constantly batlied in water and as there is 
no means of bringing these spiracles into communication with the external 
atmosphere, they arc completely closed. They are thus rendered function- 
less and are noticeable only as small round dark .s]K)ts. In Nepa and Ranatra 
the spiracles of the Ith, 5th mid Oth segments are said to be modified as 
abdominal sense organs, but in Spheerodema no such modification is found. 

The Eighth Abdominal Spiracle —T \\q tenth and the last pair of spiracles 
(8th Abd. vSp., Tig. 1) is situated on the ventral side of the base of the 
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strap-shaped retractile organs situated at the hind end of the abdomen 
(R.O., Fig. 1), and together with this is drawn into a cavity of the seventh 
abdominal segment, when the insect is under water. While the insect is on 
the surface of the water the retractile organs are pushed out above the surface 
film and the spiracles come into play there. This is the only functional 
j>air of spiracles on the abdomen of the adult insect. The structure of this 



Fig. 9. The eyihth alxlominal spinurle of the ailult X 150. 

Spiracle is peculiar ; the o])eiiing leads into a ciip-shaj)ed atrium inside 
which a number of chitinoys processes form a sort of cone pointing towards 
the opening (Fig. 9). These chitinous rod-like projections prevent any 
particles from getting into the spiracle and choking it. The long hairs 
of the strap-shaped organs are hydroluge and prevent water from getting 
to the spiracle. 

4. The Retractile Orgam (Fig. 4 and PI. XXVIIT). 

The strap-shaped retractile organs along with the anal and genital 
segments lie completely dra\vn inside the seventh abdominal segment. At 
the base of these organs opens ventrSlly the last pair of abdominal spiracles 
(8th Abd. Sp.) at the posterior end of the main longitudinal tracheal trunks 
(Fig. 10). The retractile organs are developed from the eighth abdominal 
segment. The .sides of the eighth segment arc drawn out to form these 
organs while the rc.st of tJie segment a])pears dorsally as a membranous 
bridge and vciitrally as two narrow triangular sternites which support the 
genitalia. The strap-shaped organs are thickly covered with long hydrofuge 
hairs all directed backw^ar'^s. These hairs arc longer towards the tips of 
the organs. In the male the tips are more hairy than in the female. 

The strap-sliai)ed retractile organs are characteristic of the Belosto- 
matidae. Bueno and others noted them in helostoma, but their function 
has not so far been clearly defined. 

When Spheerodema comes to the surface of the w’ater to take in atmos- 
pheric air it pushes out the anal organs which pierce the surface film and 
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FiG. 10. Dasal portion of the reti.KMile organs showing :^hc position of the last 
alidoininal spiracle. X 3.3. 

air is led to the last pair of abdominal spiracles through the thick coating 
of hairs. The atmospheric air is respired in this •manner directly at the 
surface of the water. 

A quantity of air is also taken in under the henielytra which, with the 
concave dorsum of the abdomen, forms an efticient chamber for the storage 
of air. This air the insect respires when at the bottom of the water. After 
a time the subelytral air becomes gradually impure and is removed. The 
in.sect moves the retractile organs rapidly in and out, bringing out every 
time a minute bubble of air from under the henielytra with the help of the 
backwardly projecting hairs on the organs. 1'he bubbles collect at the tip 
of the abdomen and when large enough escapes out of the water. Two or 
three such bubbles are given off oiic‘ after another sometimes before the insect 
goes to the surface for a renewal f>f the storage air. I'or the ejection of one 
bubble, it may take as much as a full minute. At times a bubble is not 
easily released and the insect then brushes it off ivith its hind legs. 

The retractile organs theicforc serve two main functions. It enables 
the insect : ( I ) to breathe direct atmospheric air through the eighth abdominal 
spiracle ; and (2) to force out mechanically bubbles of iminire air from the 
subelytral chamber. 

Ill the Nepida? the eighth abdominal segment has been modified to form 
a long siphon-like tube madeuip of two halves. This siphon is long and is 
not capable of being retracted as such. The tw^o valves of the siphon, how- 
ever, may be seen occasionally to move alternately slightly backwards and 
forwards like the action of a piston. The inner side of the siphon is covered 
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with backwardly projecting hairs and the moving of the two valves alternately 
helps to bring out small bubbles of air from the subelytral chamber to the tip 
of the siphon where they collect into a big bubble which is eventually released. 
This was observed in Laccotrephes and Ra^mtra. Curiously enough previous 
workers on Nepidje have not observed this fact. The siphon of the Nepida? 
therefore is both homologous and analogous to the retractile organs of the 
Belostomatida?. Schiodte believed the retractile organs of the Belostomatidoe 
to have some genital function having nothing to do with respiration. 

5. The External Air Storafic. 

Reference has already been made to the air carrying habit of the insect 
for the pur])ose of l)reathing when entirely submerged. Air is stored on the 
abdomen under tlic hemelytra as well as under the sides of the pronotum. 
The dorsum of the abdomen is very much concave and is covered over by 
the slightly convex heiiujlytra. The hemelytra are locked firmly to the body 
along the sides of the metatliorax and the scutellum. Both the hemelytra 
are again perfectly interlocked and are never opened by the insect. 
Thus an cflicient chamber iS formed for the storage of air. In the degenerate 
winged form the reduction of the inner wings makes the chamber slightly 
more spacious. The first ^abdominal spiracles are dorsal and o])en directly 
into this cliamber. To the nietathoracic and Hit? su])eriiumerary sjuracles air 
is led from this chamber by side channels formed V)y the upeurving of the 
mesopleura (bigs. 2 and 3). 

The mesothoracic spiracles placed ventrally on the prothorax open into 
large concavities. These are in comiiuinicalion with the meso])lcural 
channels by small openings. But air can also be taken in at the surface of 
the water below tlie posterior margin of the pronotum by the bending for- 
wards of the prothorax. The posterior margin of the pronotum is fringed 
with short hairs which jircvcnt water from getting in. 

(5. The Mode of Respiration, * 

The function of the subelytral air and breathing \chen submerged in 
water. — The function of the subelytral air of acjuatic insects has been a matter 
of some difference of opinion among workers. Brocher, for instance, was 
of opinion that the storage air was merely hydrostatic and that it was the 
air ])assed out by the insect through the thoracic spiracles and collected 
under the hemelytra, and not the air taken in from the atmosphere. He 
believed that the air was meant only to enable the insect to reach the surface 
easily. However, he conceded that when necessary this air ma}’’ be taken 
in again in respiration. Wiggle.swortli in his recent review on the re.spira- 
tion of insects discusses at some length the part played by the air stores of 
aquatic insects. Two main functions have been attributed to this air, viz., 
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hydrostatic and respiratory, and Wigglesworth believes them both to have 
been sufficiently proved. 

Our observations on Sphec rod etna show that when at the bottom of the 
water the insect gives out one or two large bubbles of air from under the heme- 
lytra by rapidly moving the retractile organs. The insect then goes up to the 
surface for a gulp' of the atmosi)heric air and rushes down immediately to 
return to the bottom. The removal of air from the subelytral .s])ace i)rior 
to going up to the surface is a handicap for going up and it would not have 
been done if this air had any hydrostatic function. The si)ecilic gravity of 
Spheurndema taken both with and without the .storage air is slightly less 
than that of water and so tlie insect can easily vise up to the surface of the 
water. That is what is observed ; for even when the henielytra are removed 
and with them the storage air the insect lloats without any effort. On the 
contrary when going down to the bottom the insect has to swim down actively 
and can remain at the bottom only by clinging to srime object with its legs. 
Thus little recognition can be given to the hydrostatic function attributed 
to the subelytral air. 

Observations on Spluvrodcma show that the sul)elytral chamber is filled 
with fresh air at the surface of the water directly from the atmosphere. 
When the insect comes to the surface of the water it raises slightly the tijis 
of its henielytra with the hel|) of tlie retractile organs and so brings the 
subel3-tral chamber into comnmnication with the alrnosphere. As some 
air from this chamber has been previously removed below water, the atmos- 
pheric air gets in to take its place. The insect may coiitiniie to stay at the 
surface or may immediately go back to the bottom. As only the s])iracles 
on the thorax are in comiimnicalion with the subelytral air as already de- 
scribed, it is natural to assume that Miese spiracles are used for breathing. 
Kxperiments have testified to the correctness of this view. W'hen the in- 
sects were prevented by removing . the henielytra from storing air under 
them they died in a very short time. When only the di.stal halves of the 
henielytra were cut off, or only a single hemelytron was removed, the insect 
remained alive though seemingly somewhat uncomfortable. It then could 
not easily remove the storage air wdien it became imjnire and had to come 
to the surface often to do so, or struggle with its hind legs in trying to brush 
off the impure air. When the henielytra were entirely removed, if floating 
supports were placed in the water the insect readily made use of them to 
raise itself up right out of water in order to bring the thoracic spiracles into 
direct communication with the atmosphere and continued to live in this 
way for a few days at least. These observations prove that the insect cannot 
do without breathing through the thoracic spiracles. 
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A third function has been attributed to the storage air. According to 
Wigglesworth, Comstock (1887) from observ^ations on Corixa, first suggested 
that the film of air carried by the insect might serve as a gill, diffusing oxygen 
from the water. Dogs (1908) seems to have expressed a similar view for 
Nepa. This view may be applicable in the case of the nymph where the 
film of air is carried oji the ventral side of the abdomen in touch with the 
surrounding water medium. But in the adult the storage air is enclosed 
by the liemelytra and is unexposed to the water. The possibility of diffu- 
sion of gases under the circumstances would be unthinkable. 

It has been seen when dealing with the spiracles that the metathoracic 
spiracle and the supernumerary spiracle open into two distinct compartments 
of the mcsopleural air channel, and that the supernumerary spiracle is an 
exhaling spiracle as suggested by its structuie and action. It is assumed 
therefrom that the impure air given out by the supernumerary spiracle 
travels backwards through the outer channel and the air from the snbclytral 
space travels forwards to the metathoracic spiracle through the inner channel. 
We have no direct evidencA? to show that the other spiracles on the thorax 
are only ins])iratory in function. But there are three factors which have to 
be critically examined : If the same spiracle were to inspire and expire 

air, there would be im])ure air in the immediate vicinity of the spiracle which 
is not a desirable thing. (2) The supernumerary spiracle which is an expi- 
ratory one is i.solated (physiologically) from the others. (8) The body wall 
of the abdomen is capable of expiration and that in order to have an adefpiate 
balance between expiration and inspiration there must be some spiracles 
solely set aj^art to perform the latter function. We are therefore forced to 
assume that the iiicsothoracic, metathoracic and first abdominal spiracles 
are purely in.sj^iratory in function. ,, 

Expiration through the dorsal abdominal walL- Spho'rodema has been 
observed to give out small bubbles of air throiigh its abdominal terga. The 
abdominal terga are very thin-walled and transparent and in some sjiots, 
particularly less chitini/.ed. If the insect is placed on its back in a small 
dish of water after cutting off the liemelytra, bubbles of air will gather below 
in the abdominal region. The gradual formation of these bubbles could 
be clearly observed through a binocular microscope. Brocher observed 
similar bubbles of air adhering to the abdomen of Nepa. He believed them 
to have been given out by the water itself. He was not however happy 
about this explanation for he mentions that^n nature the insect lives in 
situations where there would be no chance of the water being well aerated. 
We have used water from which dissolved air was driven out by boiling and 
still could see the bubbles appearing on the insect. Further, a dead specimen 
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does not show any such idienoiucuoii. \Vc believe this is the first lime siicli 
an observation has been recorded. 

It has already been nieiiiioned in dealing with the s])iracles 
that from the bulbous trachea of the incsoth(^rax, part of the air escajies 
into the body cavity. This is true of Laccotrcphcs as well, 'fliis air. 
we pre.sumc, diffuses out of the body wall. Air is possibly passed into the 
blood by other organs and finds an exit through the body wall. If this ]»e 
so the false .spiracle of Laccotvephes is only a more specialisctl s])ot on the 
terga for giving out air. The subject will be fully di.scusscd later. 

Brealhin}^ on ihe surface of the \caley. — When on the surface Spha-rudema 
rests in an oblique, head downward ])osition. It then pierces tlu* .surface 
film with its retractile organs and breathes directly from the atnios|)here 
by means of the last pair of abdominal spiracles. The retractile organs 
arc covered with long hydrofuge hairs to which air ])articles adhere and are 
directed to the spiracles which remain hidden, lly themselves these spiracles 
are too inadec|uate to meet the needs of the animal and without the thoracic 
spiracles functioning also, as shown above, the inselM cannot live. Ihocher 
believed that the last pair of abdominal .spiracles alone Functioned for taking 
in air and that the thoracic spiracles functioned ‘only to give out air. It is 
however unreasonable to think that only one small ])iiir of si)iracles would 
be used as inhaling organs while three pairs of large spiracles were used as 
exhaling organs. Ivven when Sphuroiicma is on the surface breathing 


Ihspifvtion. 



directly from the atmosphere it makes u.se of the thoracic sj)iracles as the 
subelytral chanilx?r remains filled with air and this again is in communication 
with the atnio.si)hcre. The general habit of the insect shows that it remains 
mostly at the bottom of the water and comes up to the surface only at inter- 
vals for a renewal of the storage air. It would be im])Ossible for the last 
pair of abdominal .spiracles to take in all the air required in one gulp. The 
occasional coming to the surface, therefore, is undoubtedly to renew the 
subelytral air only and this is always preceded by giving out bubbles of air 
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under water as already stated. When under water the last pair of abdominal 
spiracles would function only to give out air. 

The movement of air in the abdominal tracheal channels during respira- 
tion . — The direction the air takes in the abdominal .spiracular branches 
(S.B., Figs. 1 and 12) during respiration under water is well observed on 
account of the more or less transparent wall of the abdomen. The 
respiratory movement involves a ventral deflection of the posterior half 
of the abdomen wliich re.sults in a dorso-ventral contraction of the abdomen 
(Fig. 11). At tliis stroke, air in the abdominal trunk (A.1'.) is forced into the 
spiracular branches (S.B.). When the abdomen relaxes, a part of the air 
is passed into the simdler branches of the spiracular tracheae and a part 
gets back to the main trunk. (Fig. 12 illiLstrates the course of air in a typical 
abdominal segment. The dark arrows show the course of air at the deflection 



Fig. 12. The Iracheation of a typical alxloniinal segment and the course of the circulation of 
air in that segment. The dark arrows show the course of air at the expiratory move- 
ment of the abdomen. The dotted arrows show the course of air at the insinratory 
.movement of the abdomen. 

of the abdomen ; the dotted arrows, at the relaxation of the abdomen.) As 
the spiracles in the abdomen are closed the deflection of the abdomen, which 
is an expiratory act, does not produce the desired effect in that region of the 
body except through the last abdominal spiracle. 

Ill the thorax the only spiracle that could be seen giving out air is the 
supernumerary spiracle. The hood-like membrane of that expands and it 



Respiration of the Watcr-linir^ Sphiprodema riisticum Fabi\ v303 

is assumed that air escapes through il. There is no indication whatsoever 
that others also give out air. On the other hand we have given elsewhere 
reasons for believing that they are only inspiratory in funclion. 

7 he rectal ccvcxim and respiration . — The rhythmic j>eristal.sis of the rectal 
csecum, a structure present only in aipiatic insects, has led to different inter- 
pretations as to its function. Such a contraction naturally suggests a resin- 
ratorj' or circulatory function. The histological structure of the cjecuin 
does not indicate that it might function as a tracheal gill. It was suspected 
that it might take in and give out water but careful observations have not 
revealed the presence of a current of water through the anus. We have 
given in another paper reasons for not accepting the views of previous workers. 
To us it appears that the caecum helps in the ventilation of the tracheal 
system. The Ccecum is a distended tube, has a nicdian ])osition in the body 
cavity and extends u])to the mesothorax. As it contracts the air in the 
longitudinal tracheae seems to move. 

III. The Respiratory System of the Nymph. 

1. The Tracheal .System and Spiracles. 

The general arrangement of the tracheae in {he nymph is similar to that 
of the adult. There are ten i)airs of spiracles which are all vcntnilly situated 
and all are functional (I'ig. 13). The thoracic spiracles are similar in 
structure to those of the adult but their situations vary. The first pair, 
the mesothoracic spiracles, is situated on the wall of the main thoracic 
tracheal trunk as in the adult. The .second jiair, the nictathoracic spiracles, 
is ventral and is protected by the epimera of the meso-sternum. The siijicr- 
nunierary spiracle of the adult and the bulbous trachea associated with it 
are absent. The third pair of spiracles, the first abdominal, is also ventral 
and is protected by outgrowths from the epimera of the meta-sternum. The 
second abdominal s])iracle opens on the first abdominal sternum and is 
similar in structure to the thoracic sinracles. The abdominal spiracles three 
to eight open on the sterna of their re.spt!Ctive segments. In structure they 
are similar to the eighth abdominal spiracle of the adult (Fig. 9). The 
eighth abdominal segment is visible in the nymph and there aio. no retractile 
organs. The air sacs and the “ tracheo-parenchymatous organs’* of the full 
winged form are absent in the nymph. 

2. The Air Flaps (Fig. 13). ^ 

In the nymph all the spiracles are ventral as mentioned above. The 
problem of respiration under water is therefore solved in a way different 
to what obtains in the adult. The ventral side of the metathorax has deve- 
loped thin, transparent, semi-circular outgrowths from the epimera of the 
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Fig. 13. Ventral view oC the nymph showing the nirflnps, the spiracles, and the main trachea;. 

mcta-steniuni. These are here referred to as ** air-flaps'*. They extend 
over a great part of the abdomen reaching to the middle of the fifth abdo- 
minal segment. Their semi-circular distal margins bear a row of short spines 
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and a row of very long line hairs. These hairs form a close matting which 
extend over the posterior half of the abdomen. The cavity, thus enclosed 
by the air-flaps and their hairs, serves as the air cliainl^cr of the nym])h. 
Anteriorly this cavity is continued to the iiiesothoracic region where the 
flap-like epimera of the nieso-sternuin encloses it. The spiracles open into 
this cavity and are thus in direct conimunication with the storage air. The 
air-flaps are supplied with a few very line tracheolcs. 

Martin (1800) and Hueno (lO(Mi) recorded these flaps in the nyniphs of 
Belostomatidse. According to Martin, Dufour in his monograjfli on the 
Belostomatida?, had also described these flaps in tlie nymph of Hydrocyrius 
algenensis : ** Ventris S(iuama ba.silaris inagiia duplex .seniicirciilaris." In 
the Nepidae the inetasternal fla])S are not developed, but the epimera of the 
mesosternuni are much more elongated and run as narrow strips along the 
margins of the abdomen. , 

About the function of these flaps Alailin was of oj)inion that they re- 
called the caudal gills of the larvie of Agrion and likewise served as tracheal 
gills. According to Bueno '‘they may be used for the storage of air, or per- 
haps as a means of reducing the (luantity held by the pile, by exercising 
pressure to force it out”. Our conclusions arv», that these flaps serve the 
same purpose as do the hemelytra of the adult, 7’/7., to store air for respira- 
tion. When these flaps were entireh removed the nyniphs of Spluvrodema 
very soon died as the spiracles no longer functioned being blocked up by the 
water. But, as in the case of the adults, wlien floating sup])orts were jiro- 
vided the nyniphs made use of them to raise themselves well out of water 
keeping their sjuraclt^s in contact with the atmosjihere and thus remaining 
alive. When only half of the air-llayis were cut off the nym])hs were able 
to store air in the remaining half and continued to live, as did the adults 
with half the hemelytra cut olT. This clearly shows that the fla])s are merely 
for holding air for breathing ineaiis of the spiracles that ojjcu into them. 
3. The Mode of Respiralion. 

Krom the foregoing it is clear that the res]>iratory mechanism is different 
from that of the adult. When the nymyihs are observed swimming about 
in the water a glistening film of air is always notic'cd covering the under- 
surface of the abdomen. The ventral side of the abdomen is covered with 
long liydrofuge hairs and a fpiantity of air could be held between them. Air 
could also be stored under the inetasternal air-flai)S and the inesosternal 
epimera. The long proiecting hairs of the air-flaps and the hydrofuge hairs 
on the abdomen working in combination hold the air bubble referred to above. 
The purpose of this air bubble is the same as that of the storage air under 
the hemelytra of the adult. The air-flaps are therefore analogous in this 
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respect to the hemelytira. Not only is the air held by the nymph necessary 
for its respiration but it is also useful as a means of protecting the ventral 
s]nracles from being blocked up with water. The nymph takes in air by 
all the ten pairs of spiracles whether submerged in water or at the surface. 

As ill the adult, air particles arc observed to diffuse out of the body 
wall of the abdomen. But here it is the .sterna, which are thin walled and 
transparent, that exhibit this ])henonienoii. The phenomenon is better 
observed in this case than in the adult, the nymph being more transparent 
than the adult. It is clearly noticeable when the ventral .surface of the 
abdomen is in contact with water in a small di.sh placed under the microscope. 
When the storage air under the abdomen becomes gradually impure the 
nymph brushes oil the lilm with its hind legs and ascends at once to the 
surface for fresh air. The tip of the abdomen is raised to the surface film and 
the hydrofuge chamber comes in contact with the atmosi)hcric air. Thus 
a fre.sh store is taken in. The retractile organs are not developed in the 
nymph and are not needed. 

The suggestion, that the rhythmic movements of the rectal cwcum in 
the adult help to ventilate the larger tracheie, also applies to the nymph as 
its ciecnm behaves in a like- manner. 

7 V. General Conmlerati ons. 

A large number of adult insects that have secondarily taken to an 
aquatic life, have exploited the subelytral space for storage of air which thc 3 ’ 
breathe during submersion. It cannot be claimed that the bugs alone have 
developed this. The beetles have independently developed almost the 
same condition. 

1. Adat>tations In Aquatic Life. • 

The ])crfcctioii of adaptation to aquatic life dcj)ends on : (1) rendering 
the subelytral chamber an effective air. store- for breathing purposes under 
water ; and (2) dcveloj)iiig a mechanism for the removal of the impure air 
from the body as well as from the air storage. 

The subelytral chamber . — The subelytral space in Belostoma is not a 
permanently closed chamber as in Sphmodema, since both the pairs of wings 
arc used in flight. The subelytral chamber of the Nepida: (Laccotrephes, 
Ranatra, etc.) is closed but is not so spacious as in Spheerodema, since the 
dorsum of the Nepidoe is only slightly concave though the margins are more 
deeply grooved. Sphtcrodema therefore is able to store a larger quantity 
of air than Laccolrephes or Ranaira. The degenerate winged form of 
Spheerodema nisticum possesses a chamber .slightly more spacious, due to the 
reduction of the inner wings, than the normal winged form, in which the 
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large folded inner wings occupy some space. In Sphccrodcwa the hcniclytra 
are interlocked and are closely apposed to the abdomen. In the Nepidic the 
hemelytra are locked to the abdomen there being no posterior interlocking 
arrangement between the pair. 

The removal of impure air by the retractile The retractile organs 

are used for the removal of air from the subelytral air store. Nepa, Ranatra, 
etc., have gone a step further in the evolution of these organs. The straj)- 
sliaped, short retractile organs of SpJuvrodevia, Belostoma, etc., have become 
a siphon-like tube in the Nepidte. The siphon is made U]) of two halves, the 
concave inner surfaces of wdiich are clothed with line hairs directed backwards. 
At the base of the siphon lies the la.st pair of abdominal spiracles, the termi- 
nations of the main longitudinal tracheae. Ijke the retractile organs, be- 
sides hcli)ing to take air at tlie surface, the siphon also removes the air from 
under the hemelytra at intervals. The two halves of the .siphon rub against 
each other, each being drawn in a little and j)ushcd out alternately. The 
hairy inner surface of the siidion brushes out sivall bubbles of air to the tip 
where they are collected into a large bubble and subseciueutly teleased. We 
have already referred to the fact that this function of the siphon has not 
been recorded by previous workers who attributed to it, only that of exposing 
the last pair of abdominal spiracles to the surface of the water. 

The remoiHil of impure air hy the body icalL — Though respiration through 
the integument has been known to exist in insects \vidc MntlkoW'.ski (192()), 
Wigglesworth and others] the profuse, diffusion of air through the abdominal 
body wall, as it occurs in Spherrodema, and we believe also in Repa and other 
water-bugs, has Jiot been noted by previous workers. ^luttkow^ski .showed 
that the insect chitin is i)ermeab1c fo gases, especially to CO.,, llrocher 
noted bubbles of air on the abdomen of Nepa but he believed them to be air 
which escaped froTii the snrrpiiiiding w’ater mediniii adhering to the hairy 
surface of the abdomen. We have shown from observations and experiments 
on Sphccrodema, that these bubbles diffuse out of the body of the insect. 

2. Loss of Tlight. 

The aquatic Heiniptera exhibit many interesting intcrniwliate stages 
in the degeneration of their power of flight as a consc(iueiice of the adapta- 
tion of the hemclvtra for the storage of air. Belostoma is an actively flying 
insect and can take to flight whenever it is necessary. Spha’rodema rushenm 
on the other hand, though belonging to the same family Hclostomalidje, 
has lost its power of flight. The indirect wing mu.scles have either been 
completely suppressed or have become degenerate. The right and the left 
hemelytra arc almost inseparably locked, a feature which restricts flight. 
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111 the case of the degenerate winged form the evolution is more com- 
plete. The elytra have become almost completely coreacioiis and the inner 
wings have lost their anal regions. It is not known if all the species of 
Spheenniema show the same degree of degeneration in structure as 5. rusiicum, 
blit as far as S. rusticum is concerned, it can be safely said that it is a creature 
more adapted than lielostoma for aquatic life. According to Bueno (lOlC), 
IHea has become more specialized in this respect having lost the second pair 
of wings completely and the first pair having become entirely coreacioiis and 
soldered together. Species of Plea collected here showed fully developed inner 
wings and the above remark may have to be accepted with reservation. 

The Nepidie have also lost their power of flight as their indirect wing 
muscles have degenerated into the “ trachco-parcnchymatous " organs. 
JUit I'erriiire and Poisson have recorded specimens of Nepa with normal 
indirect wing muscles. It is quite possible therefore that, as suspected in 
the case of SplKeyodcma^ occasionally a few individuals may show the power 
of flight. 

I 

The Pole of Blood in Mespiration. 

A very novel ])robleni, till now unsuspected, presents itself from the 
fact that acjuatic insects, at^ shown in Sphevrodema, are ca])able of diffusing 
out air through tlie cliitinous membrane of the body wall. The tissue that 
is in iinniediate touch with the body wall is the blood and it is reasonable 
to assume that most of the air difTuses out from that tissue. How exactly 
it is ca]>able of liberating this air is not known and has to be investigated. 
This observation however recalls to mind the observations of Tillyard and 
l'ranken])erg on the first lilling of the tracheic with air in the submerged 
newly hatched nym])hs of the dragon i\y and Coreihra. They have shown 
that the air which fills the trachea* eoiiies from the blood. Coupled with 
this arc the findings of Muttkowski on the role of insect blood in respiration. 
Prom the evidence thus available there can be fio great objection to assuming 
that the air which c.scapes through the I)ody wall in Spharodema comes 
from the blood. Air from the tracliej^e c.scapes to the blood and from the 
blood to the outside througli the body wall. It has on its way to su])ply 
oxygen to that tissue and the fat bodies and to absorb CO2. The passage 
of air through the blood is evidently a contrivance to oxygenate the blood 
and also to deprive it of CO2. It is presumed therefore that the blood of 
aquatic iiLsects ]3robably has a greater respiratory function than the blood 
of other iii.sccts. « 

I. The Probable Line of Evolution of the Aquatic Adaptations. 

h'rom a comparative study of the adaptations for breathing air in the 
adult and the nymph of Spheerodema a question arises as to why different 
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arrangements were ncressary and furtlicr as to wliieli of the two was tlic 
earlier. Similar dilTerences are also present in the Xepidie and ^laiilik in 
his j)aT)er on Nepa suggests an answer to this (jiiestioii. lie says that the 
adult Nepa having to perform the funetion of ie])ro«luelion is comijelled 
to remain under w'ater for a considerably long lime aiul so has dev('h)ped 
a long siphon to enable it to take in air from a distance away from the surface 
of the W'ater. We liave show'ii elsewhere that the retractile organs of 
Spluet'oilema are homologous and analogous to the resj)iratory sijdion of 
NepUy and that they are devclo])ed primarily not for taking in air but to aid 
the insect in getting rid of the air under the hemelytra when it becomes 
impure. In the circumstances Maulik’s suggestion ap])ears untenable. 

Speculations as to the origin of aquatic life in this group of insects may 
yield valuable results. In the remote past as com])etition on land l.)ecame 
severe, the carnivorous btigs would have been e\)mpelled to explore new' 
avenues of food supjdy and fresh w'ater might have afforded a good field. 
At first, visits might have been strictly limited tq tlie border and as iieranibu- 
lation in water was needed, tlie adults would ha\’e been able to breathe for 
a little while under water with the single pair of dorsal spiracles on the meta- 
thorax, as some air could be conserved betweVn the wings and the body. 
In the earlier stages this one ])nir of spiracles would have been sufiicient for 
the purpo.se. (The dor.sal arrangement of the spiracles on the metathorax is 
not an acquirement for the aquatic habit ; Schirxlte describes it as lying on 
the back of tlie insect, hidden ])y the wings between the metanotum and the 
first dorsal segment of the abdomen in all Iletcroptera.) J,ater on as the 
period of .submersion had to be extended, the .subely tral .sj;ace was thoroughly 
exploited to store iqj air, and this is found in different degrees in Ihlostoma 
and Spluerodcma. To overcome the flifliculty of going back to land every 
time the insect wanted to remove the im])ure air l)y opening its wings, the 
adult might have developed the retractile organs w'hich serve to remove 
the .storage air. The.sc structures also helped the insect to take in fresh air 
at the surface of the water, the last i)air of abdominal spiracles being ])laced 
at their base. Thus the retractile organs of the Helostomatida* came to be 
evolved. The siphon of the Nepidie, we have shown, is a more etficient 
modification of these retractile organs. I'iiiding w ater a more profitable .source 
of food these bugs might have strengthened their acpiatic habits. The spiracle 
on the mesothorax was |)U.^hed to the dor.sal side by the curving up of the 
nicsopleura and brought intocHnnmunication w'ith the air under the hemelytra. 
The spiracle on the prothorax though ventrally situated was made functional 
with access to air from the dorsal side. Thus the three pairs of spiracles on the 
thorax and one on the base of the retractile organs served the insect for its 
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resi)iratioii. All the other spiracles on the abdomen which were ventral 
became non-functional and consequently were blocked. 

To take in and give out air from the same spiracles in a closed chamber 
though (juite useful in expediency was not a great success. It meant that 
mo.st of the same air that was given out by the spiracles was immediately 
taken back. Means for remedying this defect were devised, and the result 
is the more perfect respiratory mechanism found in Sphevrodema, the details 
of which need not be repeated here. 

I'or the nymph it might have been a more difficult problem. When 
the adult 25aid visits to the w^atcr it naturally laid eggs on floating plants 
or on those on the banks and the nymph therefore had to adapt itself to the 
new surroundings. Being wingless it had no means of storing air and all 
its sjuracles were ventrally jdaced. It had therefore to carry air on its ventral 
side. It may be imagined that at first for short tri2)s to the water the an- 
ce.stral nymph w'ould have bent its legs against the abdomen in such a way 
as to prevent the sinracles from being wetted by holding a little film of air. 
This might have j^reveiitod the insect from using its legs freely in sw'iiiiming ; 
so gradually the sternal flai)S with the long hairs were developed. The 
hind legs could easily brush off the bubble of air from the ventral side of the 
abdomen and other structures were not necessary. All the si)iracles there- 
fore remained oi)en and functional, being prevented from coming into con- 
tact with w^ater by the film of air held by the air-flaps. 

To follow the story of the gradual adaptation to aquatic life, continued 
existence in water coiqfled with the exifloitation of the subelytral air space 
as a storage chamber necessitated the gradual suppression of flight in most 
of these insects. The hemelytra became more and more adapted to the 
function of forming a water-tight cliaiiiber for the storage of air and became 
firmly locked to the abdomen and to each other. The mu.scles of flight lost 
their function as the fibres began to degenerate. The degenerate w-inged 
form of Sph(Brodema indicates pcrha})s a probable line of future evolution 
in this insect. 

V, Summary and Conclusion. 

1. Two forms of adult Spharodema rnsticum with peculiar alary 
dimorphism are recorded ; one with normal wings and the other with dege- 
nerate wings (the membrane region of the hemelytra and the anal region of 
the inner wings being absent). Both have lost, their powxr of flight. 

2. The resiDiratory system of the two forms differs in certain respects. 
The normal winged form possesses " tracheo-parenchymatous organs" and 
air sacs in the thorax, which are wanting in the degenerate winged form. 
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3. The “ tracheo-parendiymatous organs” arc modilicd indirect wing 
muscles. The histology of the organs does not show the transverse striations 
of the normal muscle fibres. The jdiagocytcs noted by Poisson in these 
organs in other aquatic Heniiptcra are not recognised in this insect. The 
tracheal suppl}' of these organs is not the normal tracheal su])])ly of the 
wing muscles as I'crriere believed for Nepa, etc., for in Sphcerodenia there 
are more and larger trachea: in these organs, l^xperinients conducted prove 
that the degenerate winged form is not any the worse for want of these 
structures. 

1. 'J'lie res])ir€'itory system of the adult and the nym]:»h of Spha'rodema 
differs in some res])ects though the general arrangement of the tracheie 
is similar in both. These variations are traceable to the individual 
respiratory needs for aquatic habits. 

5. All spiracles of the nymph are ventrally i^ituated and all are func- 
tional. In the adult the metathoracic and the first abdominal spiracles 
liave become dorsal and the others remain ventral. Only four pairs of 
spiracles are functional in the adult, the three oh the thorax and the la.st 
abdominal. The last abdominal spiracles are borne by the retractile organs 
in the adult. , 

0. The first pair of (mesothoracic) spiracles of both the adult and the 
nyni])h are j^eculiar in being on the wad of a trachea and not at the termina- 
tion as is usual. They arc so situated in Nepa, Ranaira, etc., but the fact 
has not been made known generally. 

7. The three pairs of abdominal spiracles which are modified into the 
so-called sense organs in the Ne])itUc are not so modified in Sphevrodtma 
and Belostoma. 

8. The adult Spheemiema pos-c^ses in addition to the second pair of 
(metathoracic) .spiracles, a supernumerary pair on the .same segment. The 
hood-like mcinljranous covering of this spiracle is observed to exj)aiid at 
every exhalation. It is shown that this supernumerary spiracle functions 
only as an exhaling organ and the true metathoracic spiracle, from which 
it is separated by a partition, functions only as an inhaling organ. This 
supernumerary spiracle is also present in Belostoma, Nepa, Laccotrephes, 
Ranatra, etc., but its nature and function have not been correctly noted 
and interpreted before. 

In the Ncpitla' in addition to this supernumerary pair of spiracles on 
the mesothorax, there is a ]:air of somewhat similar .structures (the ” false 
spiracles ” of Hamilton) on the iiietatliorax. Although this second pair is 
without tracheal connection, it is pointed out that it behaves in a similar 
manner to the above-mentioned supernumerary spiracles. 
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9. Air from tlie Ijody is given out through the dorsal abdominal body 
wall of the adult and the ventral abdominal body wall of the nymph. 
Bubbles of air have been observed to diffuse out of these regions. Brocher 
observed such hubbies on the abdomen of Nepa but he thought them to be 
air bubbles liberated by the surrounding water medium and eaught in the 
pile on the insect abdomen. We have shown that it is not so. 

10. TliJ'.t insect blood jdays a i)art in respiration has been recently re- 
cognised. I'rom the profuse diffusion of air from the body wall we presume 
that the blood of aquatic insects has a greater res])iratory activity than that 
of terrestrial insects. 

1 1 . The function of the subclytral air which is carried by the adult 
water- bugs is shown from the study of Spheerodema to be purely 
respiratory contrary to the findings of Brcx'her and others. The locking 
arrangements of the hcnittlytra help to make a water-tight chamber on the 
dorsal side of tlic abdomen for storing air. The air storage organs of the 
nym])h are »^i pair of large semi-circular outgrowths of the meta-cpimera, 
with long projecting hails which cover the major portion of the abdomen. 
The air held by these Haps serves the same function as the storage air of tlie 
adult. All the ten pairs of«nymi)hal spiracles use this air in breathing. 

12. Vox removing the subelytral air the adult has develo])ed two 
strai)-shaped retractile organs from its eighth al)dominal segment. As the 
spiracles of the eighth segment open on them, the organs when thrust out 
bring them into communication with the atmosphere at the surface of the 
water and hence make them fuiK'tional. The retractile organs of the Belo- 
stoniatidie are both homologous and analogous to the respiratory siphon of tlie 
Ne]3id;e. The air-removing function of this siphon has not been noted by 
others but observations on I.accotrepWcs and Ranatra have made it possible 
for us to analogise this si])hoii with the retractile organs. The nymph 
brushes off bubbles from the storage air wliich is held on its ventral 
side with its hind legs. 

I.‘l. The course of the air in the abdominal trachete during respira- 
tion is described. 

14. I'o the rh 5 rthmic contractions of the rectal ciecuni is attributed a 
tracheal ventilatory function. 

15. The changes from the nymph to the adult adaptations are sudden 
and take place in the last moult. They include ^he loss of the air-llaps of the 
nymph, the shifting of the metathoracic and the first abdominal spiracles 
to the dorsal side, the development of the supernumerary spiracle and the 
retractile organs, and the blocking up of the ventral spiracles. 
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H). The ijrobable Hue of evolution of the luiiiatie adaptalioiis in the 
(lill’ercnt aquatic l)u^s is discussed. 
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A DILATOMETRIC METHOD FOR STUDYING THE 
“IN VITRO” DIGESTIBILITY OF MILKS. 

liv (Miss) Kamai.a Hhac.vat 

AND 

M ( )TNAH AI J.I SkKKNI VASAVA . 

{I'rnin thr I h'parhiicnl of lilth-hrniisfry, Indiaii luslitulc of Science, Haiiijalore.) 

Rcfi'ivod Scploinbcr 0. 

lx Hr* I’onrsi* of a c()iii))arativt‘ study of the digestibility of milks subjected 
to various ])liysical and chemical treatments and from different species of 
animals, it was found necessary to develop an easily reproducible and accurate 
method of following the t'oursc of dige stion. Tn a ]>revious communication 
(1D‘.»5) it was shown that the relative digestibility of proteins “in vitro" can 
be determined by the dilatpinetric method (I93:i!) which po.s.sesses the addi- 
tional advantage of eiTfvting considerable economy of research material, 
a circumstance of great importance in the case of those milks which arc avail- 
able only in limited (piantflies. 

There is an obvious difference betwccai the ca.sein ])article in milk and 
that in an arlilicially prej)ared solution of casein. This dilTerence in size, 
stale of aggregation and hydration, is expected to inllucaic'e the rate of enzy- 
mic digestion, lii milk, the solution of lactose, salts and the non-protein 
nitrogen niolecnlarh' dispersed in water, offers the stabilising inediuin for 
the colloidally dis|)ersed casein particle ; in the case of the artiticial casein 
solution, the ])rotein is peptised in a suitable buffer. The in esent coimnuniea- 
tion relates to a study of the casein j)article in its natural environment as 
compared with the digestion of an aitilicial sojution of casein, by two inde- 
pendent methods, chemical and ]>hysic'd. 

Ii.\ peri menial. 

Cow’s milk centrifuged for ‘U) minutes at :hH)() r.]).ni. for skimming off 
fat, w’as employed after bulTering w ith half molar concentrations of Sorensen’s 
l)hoS])hates to yield a ])„ of 7-7. Hj" employing this high concentration of 
buffer, the extent of dilution ol milk w as kept low\ ml. of milk made u]) to 
:hM) ml. wdth the buffer, represented the “full concentration" stock solution. 
Other concentraticnis of milk, one-half, one-third and one-sixth, w’cre pre- 
pared by diluting the stock solution with M/1 h ])hosi)hate buffer of ])„ 7 *7. 

The casein .solution was prepared by dissolving Ilainmerstein’s casein, 
previously ground and wetted with water, in phosi^hate buffer of p„ 7-7. 

3U) 
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Slight warming to 10® C., facilitated solution. A six per cent solution of 
casein, thus. i)rq)ared, served as the stock solution, which was accurately 
standardised by a determination of the total nitrogen by Kjeldahl. Solutions 
of casein, corresponding respectively to the nitrogen content of the different 
concentrations of milk, were j)repared by diluting calculated amounts of 
the stock solution with M/15 phosjdiate buffer of p„ 7 -T. 

A tw’o i)er cent, solution of Pfansteilil’s trypsin was pre])ared in 7-7 p,, 
phosphate buffer. The reaction mixture for the dilatonieter consisted of 
50 ml. of the substrate and 5 ml. of the enzyme and the reaction was 
independently carried out in a separate flask, from which alicpiots, at definite 



Time in minutes 
Fig. 1. Uigeslion of Cow’s MUk. 




Dilatomclric fall in mtn. 
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intervals, were drawn and the amino nitrogc/i estimated by I^nderstrom 
Lang's acetone titration. The dilatometric depressions are measured in mm. 
representing the linear fall of the capillary column and the increases in amino 
nitrogen expressed in hundredths of a ml. of dccinormal alcoholic HCl. 
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Discussion . 

The experimental values arc graphically rej^rcsciilid in higs. I, 2, 
and 4. The dilatometric depressions at definite intervals of time are taken 
from the graph and expressed in fxl while the corresponding values for amino 
nitrogen taken from the graph, are expressed in nigins. of amino nitiogen. 
Tables I and II incor])oratc these values while Kigs. 5 and 0 represent tJie 
correlation between the two sets of values, the dilatometric dcj)ression aiul 
amino nitrogen for milk and casein, each for three different concentrations. 


Tablk I. 
Milk. 


Substrate 




Time in Minuti-s 


e oncciktralion 

10 

20 

30 1 

CO 90 f20 150 1 180 210 

1 240 

( Mgms. 

2-00 

3-90 

5-30 

7-80 8-80j 8-80 .. 1 .. 


One-sixth . . { 




i 


l/x/ 

2*37 

321 

3-56 

3-92 4-27 4i''03 

-- 

f Mgms. 

2-7 

5-0 

7*0 

12*0 16-0 18-2 19-2 19-8 I9>8 

.. 

One-half . . < 




1 


V' 

4-39 

7-0 

8*78 

11-4 12-47 13-63 14-24 14-95 15-53 

i 

18-67 

( Mgms. 

3-80 

G«70 1 

9*10 

16*10 21-20 25-20 28-10 29-20 29-80 

29-80 

Full . . < 




1 


ilii 

i-7ri 

8-07 j 

10-80 ! 

1 

16*5 20*53 22*68 23-86 25-17 25-80 

1 

26*36 


Table II. 
Casein. 


Sulj.stance 




I'iiiie in 

Minutes 




ntiatioii 

10 

20, 

30 

00 

90 

120 

150 

180 

C Mgms. 
One sixth .. < 

3-07 

4-67 

.5-26 

5-55 

7-00 

7-74 ' 

1 

8-18 

-- 

V 

2*73 

3-68 

4-16 

4-75 

4-00 

1 5-46 

5-70 

•• 

( Mgni.s. 

6*72 ; 

0*35 

10--21 

11-1 

14-6 

' 16-79 

18-55 

20-00 

One-half 

i 









4-75 1 

8*07 

9-73 

13-06 

14-60 

16-39 

17-45 

18-17 

fMgms. 
Full • ■ < 

8-90 

13*28 

14-70 

16-08 

23-21 

30-38 

1 

36-51 

37-96 

Ifi/ 

6-05 

10-80 

-I 

14-60 

21-91 

26-29 

29-68 

33-71 

34- 19 


It will be seen from the graphs and tables that the digestion of milk can 
be followed in the dilatometer not only with greater facility and ease but 
also with greater accuracy. The correlation graphs Figs. 5 and 6, show 
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that a strict proportionality exists between the values obtained by the chemical 
and physical methods, after about 20-C0 minutes dei)ending upon the 
concentration of the colloidal substrate. In the initial stages of the reaction, 
the disaggregation of the casein particle which accompanies the digestion is 
accompanied by measurable changes in volume and this circumstance causes 
the discrepancy observed in the early stages of the reaction. 

A study of the results relating to the dilatometer, will show that casein 
appears to be relatively more digestible than milk, whose absolute j^rotein 
content capable of undergoing digestion, should be taken as only 87 ])cr cent, 
of its total nitrogen. I'or strict comimrison, therefore, the values for the 
casein series have to be multiplied by 0 *87, after which the agreement between 

Tabjx III. 


Substrate 




Time in Minutes 




Concentration 











lU 

20 

30 1 

1 ! 

90 

1 120 

1 ISO 

180 


TMilk 

2«37 

3-21 

3*56 

3*92 

t» 

4*27 

4*63 



One sixth . 

t Casein 

2-36 

3*20 

3*61 

4*13 

4*.34 

4*75 




r Milk 

4-39 

7*00 

8*76 

11*4 

12*47 

13*53 

14*24 

14*95 

Ontvhalf 

( ('asein 

4*13 

7*02 

8*48 

11*36 

12*70 

14*60 

16*90 

17*4 


TMilk 

4-75 

8*07 

10*80 i 

16*50 

20*53 

22*68 

23*86 

25*17 

Full 

CCa.sein 

5-26 

9*44 

12*70 

19*06 

22*59 

25*82 

29*32 

29*74 


the two sets of values becomes very striking pari icularly for one-sixth and one- 
half concentrations. 

Sun: ff^ury. 

1. It has been shown that “in vitro" digestions of milk can be dilato- 
nietrically followed not only vfith greater ease and accuracy but also with 
considerable economy of research material. A strict proportionality between 
the dilatometric depression and the release of amino nitrogen has been shown 
to exist for three dilTercnt concentrations of milk and casein. 

2. The behaviour of the casein particle in cow's milk towards tryptic 
digestion does not appear to be different from that of the casein jjarticle in 
artificial solution. A dilatometric .study of the rate of digestion of milks 
from other sources and of those subjected to various chemical and physical 

treatments, is now in progress. 
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INVESTIGATIONS ON METALLIC CONTAMINATION 

OF FOODS. 

Part IL Effect of Cooking and Storage of Foodstuffs in Aluminium Vessels. 

By N. C. Datta, M.Sc.,"' 

(I'rovt the Department of Biochemistry, Indian Institute of Science, Bantjalore.) 

Received March 19, 1935. 

(Communicated by Prof. V. Subrahmanyan, d.sc., k.i.c.) 

Aluminium is widely distributed in both animal and vegetable tissues. 
Myers and Mull (1928) found aluminium varying from 0'2 to 4*5 parts per 
million in human autoi^cy tissues. Underhill, Peterman and co-workers 
(1929) have reported 1 *7 to 11 •? p.p.m. of aluminium in human livers and 
1*3 to 8*7 p.p.m. in kidneys. Dutoit and Zbinder (1930) reported that 
aluminium accumulates «n lungs, kidney and heart while only traces occur 
in ])ancreas. Though the metal is present in varying quantities in different 
tissues, its exact r61e in hilman nutrition and metabolism is still obscure. 

During recent years, aluminium has come increasingly into prominence 
and is being largely u.sed for the construction of utensils for household use 
and industrial food-equipment. It has some advantage over other metals 
because of its cheapness, light weight and high heat conductivity. Its 
effect on ])ublic health is of considerable interest. Much useful work has 
already been done in iCurope and America to determine whether the quanti- 
ties of this metal taken along with food are, in any way, injurious to health. 
Olaister and Allison (1913), Uaiicet Laboratory Report (1913), Tinkler and 
Masters (1924), Haa.se (192G), Serger (1927), Lehmann (1929), Jlidault and 
Blaignan (1930), I'ellenberg (1931) and several^'others have studied the effect 
of various foods on aluminium and have concluded that the amount of 
aluminium dissolved under test conditions is too small to have any ill- 
effect on health. Beal and co-workers (1932) made a complete series of 
analyses of foodstuffs cooked in aluminium as compared with those prepared 
in jiyrex glass. Those authors, showed that in a well-balanced ration about 
12 mg. of aluminium would be ingested per day if all the foods were prepared 
in aluminium vessels, of which, about 5 mg. would be derived from the uten- 
sils. These conclusions may not, however, apply to Indian foodstuffs which 
contain considerable quantities of salts and which, in many cases, are highly 
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acidic in character. It may also be mentioned that in India, the food 
materials are often stored in the containers for fairly long periods, so tliat 
the average daily intake of aluminium will be much higher than that in 
Euroi)e or America. The present investigation was undertaken to obtain 
an estimate of the actual quantity of aluminium ingested daily along with 
food prepared and stored in aluminium vessels and its possible effect on 
animal growth and metabolism. 

Experimental. , 

A gravimetric method similar to that of Bertrand and Levy (lOIil) was 
adopted for the estimation of aluminium w'hich w'as })recij)itated and weighed 
as phosphate. When the amount w'as small, the prcci])itate was weighed 
in a micro-balance. 100 grams of material w'ere carefully ashed in an 
electrically heated muffle, the temperature gradually raised to a dull red 
heat. The ash was heated with dilute hydrochloric acid and evaporated to dry- 
ness to dehydrate silica. After removing the silica, the solution w^as treated 
with ammonium phosphate and ammonium chloride, cooled, and made faintly 
alkaline with ammonia to precipitate the phosphates of iron, aluminium 
and calcium. The solution containing the phos])hate still at about 20"' C. 
was acidified with concentrated acetic acid constantly stirred to dissolve the 
calcium phosphate, the pH being adjusted to 4 ‘2. The iron and aluminium 
phosphate was collected by centrifuging, dissolved in hot h^'drochloric acid 
and diluted to 300 c.c. The iron was reduced with thiosulphate and the 
aluminium reprecipitated wdth ammonium idiosphate and ammonium acetate. 
The solution was boiled for half an hour to expel SOo, the precipitate allowed 
to settle and filtered. The precipitate was redissolved and reprecipitated 
in presence of thiosulphate, filtered and washed with hot w'ater and ignited 
to constant weight at red heat. ^ 

The aluminium content '^f some of the commoner foodstuffs is given 
in Table I, which show^s that they all contain small quantities of that metal. 
This will no doubt have to be consumed irresi)ective of the type of vessels 
used for cooking and storing them. The problem before us therefore is to 
find out whether the excess of aluminium added to the food material from 
the vessels is deleterious to health. 

Dissolution of aluminium hy various foodstuffs : — Water . — Tap whaler 
(100 c.c. ; pH 6*9) w^as stored in different aluminium vessels for four days. 
The vessels were slightly attacked with the formation of minute ])its. 
Although the quantity of aluminium dissolved was only 1 -43 mg. on an 
average, the appearance of water w^as changed with sus])ei.dcd aluminium 
hydroxide, which was formed around those pin points in the form of small 
beads. 
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Table I. 

Aluminium content of some Indian foodstuffs. 


Foodstuff 


lAluminium as p.p.rn. 
on dry basis 


Tlieo 

17 .70 

Whole Wheat • 

1-5 

Wheat Flour (Bazaar Sample) 

38.7 

IMgeon Pea 

9-86 

Green Gram 

7-5 

h 

Potato (pealed) 

8.7 

Peas 

9-2 


Milk and milk products, — The amount of aluminium dissolved on boil- 
ing milk in an aluminium vessel is insignificant. Acid curd dissolves only 
a small quantity of aluminium. 150 c.c. of curd prepared and stored for 
21 hours dissolved only 19 -6 mg, of that metal in 15 days. Aluminium 
vessels appear to be well suited for milk and milk products. 

Table II. 


Total acidity of curds prepared in glass and aluminium vessels. 



Titratahle acidity as c.c. of normal acid 

Substance 

CUass vessel 

Aluminium vessel 

100 e.c. of whey from arid curd 
Sample I 

13-74 

IS 10 

Sample IT 

11.62 

9.51 

Sample III 

12 .60 

11.46 

Sample IV 

13.74 

1 

12.26 


0 

1 


The course of change in total acidity of curd stored in glass and aluminium 
vessel was studied. The acidity was determined in the clear whey obtained 
by centrifuging the curd and filtering the slightly turbid supernatant liquid. 
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It was observed that at a given temperature and in a given time, the de- 
velopment of total acidity of curd stored in alnniinium vessel was slightly 
lower than that stored in glass vessel. 

Tablk hi. 


Aluminium content of foodstuffs stored in aluminium vessels. 


FoodRiiiCTs 

pH 

1 luration 
of storage 
(in hrs.) 

Aluminium 

p.p.m. 

item arks 

Vinegar . . 

. . 

10 

2.IH) 

10 c.c. diluted to 100 c.c. 

Orange juice 

3.5 

24 

0.21 

Stow'd as sucli. 

Lime juice 

2.2 

48 

7.51 

10 c.c. diluted to 100 c.c. 

Water extract of green mango 

3.0 

10 


Stored as such. 

Do. 


18 

11.70 

do. 

Tamarind water , , 

2.8 

24 

18.S.S 

• 

do. 

Tamarind water witli 1 per 
cent, salt 

3.0 

1 

28. .18 

do. 

Tamarind vraier witli 2 pei- 
cent, salt 


24 

30.8 

do. 

Ttasani* (cold) 

1,1 

18 

14.80 

do. 

Hutter-inilk 

3.8 

24 

1 

10.05 

do. 

Vegetable sa1a<l with Vinegar 
and salt 

j 

j 

5 

10.71 

1 do. 

Lime pickles (scmi-soliii) 

1 

. . i 

1 

20 days 

11.53 

do. 


* A South Indian preparation of soup rontaining cooked pigeon pea (or its extr.icl), tainarintl, 
salt and spires. 


Acid foods dissolved a snudl quantity of aluminium from the vessels during 
prolonged storage. With tamarind the quantity of aluminium dissolved 
was higher than with other fruit juices : its corrosive action was increased 
by the presence of salt. Since vjirious preparations containing tamarind 
solution and salt arc concentrated and stored in such vessels, a sy.stematic 
investigation on the effect of these on aluminium was carried out. 

Effect of salt and tamarind solution on aluminium . — Salt solution was 
found to attack aluminium vesssels during storage, the rate of corrosion being 
very nearly proportional to tVe time of exposure. The product of reaction 
was found to be aluminium hydroxide which formed a layer along the entire 
surface of the vessels exposed to liquid. 
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Tablk IV. 

Aluminium content of foodstuffs after cooking and storage. 


Subptance 

Duration of 
cooking 
(in min.) 

Aluminium 
content after 
cooking 
(in mg.) 

Duration of 
storage 
(in hrs.) 

.-Mil minium 
content 
after 
cooking 
and storing 
(in rng.) 

2.5 per cent, sodium chloride 
solution 20U c.c. 

40 

0.77 

20 

5.73 

Tamarind water 200 c.c. 
(pH 3.0) 

40 

1.70 

40 

5.80 

Tamarind water with 1 per 
cent, salt 200 c.c. 

,30 

2.77 

40 

14.04 

Kasani (Liquid) 100 c.c. 

30 

1.83 

24 

11.07 

Tomato juk-c with 1 per, 
cent, salt 100 c.c. 

30 

i 

1 2.10 

, . 

• • 

Tomato juice, 100 c.c. with 1 
per cent, salt 

, 00 

concentrated to 
a thick syru]) 

20 ' 

11.4 

Rod grape juice 100 c.c. 

60 

« 


20 j 

3.07 


The quantity of aluminiutn in the food immediately after cooking was com- 
paratively small. On ])rolonged storage, however, tlie quantities in solution 
increase considerably. Ivven then, if all the food cooked and stored in 
aluminium vessel as mentioned above are included in the diet of an in- 
dividual, the total quantity of aluniinhim thus taken will be only 50 mg. daily. 



Fig. l. Dissolution of aUiminiam by tamarind and salt solution. 
M — •* Tamarind water pH 2*8. 

A — A 2 % salt solution. 

0—0 Tamarind water and 2% salt. 
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The rate of solution of ahiminimii with tamarind solution (pH 2*8) was 
slightly lower than that with 2 per ceiu. salt solution (I'ig. 1) hut when a 
solution of tamarind with 2 ])er cent, salt was stored for several hours in an 
aluminium vessel, it was found that the amount of aluminium in solution 
at any period was very nearly ecpial to the sum total of the (juaiitities 
dissolved by salt and tamarind solution taken separatelj’ so that each seems 
to act independent of the ])resence of other. The aluminium hydroxide 
formed by the action of salt was dissolved by the acid of the tamarind 
solution, 'riie aluminium dissolved by the combined action of acid and salt 
was found to be 102 p.p.m. during 5(1 hours of test period. 


TAni.K V. 

¥.ffeci of cookifi^si tamarind water with 2 per cent. salt. 


Duration of cook ini* 
in mins. 

Oiiginal Volume | 

ill c.c. 1 

1 

1 

Mnal Volufiic 
in c.c. 

' Aluminium (iis.sMlved 

1 (in mg.) 

! 

1 

35 

125 

100 

• 

2-77 

75 

125 

(iO 

5 *55 

95 

125 

10 

i 

1 7 -50 


Aluminium vessels are attacked on boiling acid solutions containing tartaric 
acid and salt. The quantity of aluminium dissolved becomes fairly large 
if the boiling is continued for a long time. The corro.sioii starts at the 
air-liquid junction with the formation of a white slain. The hot solutions 
after boiling should not be stored in the same vessel wdiere corrosicn has 
already started, for if stored for a lun^ time, pin holes a]ipear around the 
points of previous attack. 

The effect of jiII and tiirdlable acidity on the solubility of aluminium . — 
Tamarind solution (lOOc.c., ])II2-8) and diluted lime juice (100 c.c., pH 2-2) 
w^crc taken and to these, varying quantities of tartaric and citric acid 
respectively were added. The solutions were stored in aluminium vessels 
for 48 hours and the amount of aluminium dissolved estimated. The 
titratablc acidity and the pH value of the licpiids had no aiqireciable 
effect on the solubility of aluminium under the test conditions. Tartaric 
acid solution dissolved about nine times the amount of aluminium than 
citric acid solution having nearly the same pH and titratablc acidity. 

Feeding experiments.- -"Hhc results of animal experiments carried out 
in other countries have shown that aluminium conqx.ands given by mouth 
produce no harmful effect on the system. McCollum, Rask and Becker 
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Tabi,e VI. 


Substance 

1 

pH 

1 

Titralalile .iciclily 
as c.c. f)f 
normal acid 

Aluminium 
dis.solved as 
p.p.m. 

100 e.c. of tamarind solution 

2-8 

2-53 

39-43 

100 c.(j. of tamarind with 1 g. of tartaric 
acid 

2-1 

13.63 

58 .13 

100 c.c. of tamarind with of 

tartaric acid . . . . . . 

2.2 

19-02 

62 .13 

100 c.c. of diluted lime juice (35 c.c. to 
100 c.c.) 

2-2 

20-6 

7-32 

100 c.c. of lime juice wfth 2 s?. of 

citric acid . . . . , . 

2 *2 

.31-2 

7-98 


(1928) observed that wheli aluminium chloride is added to the diet of growiiiK 
rats to the extent of 0-7 per cent, of aluminium of the diet, there was no 
noticeable deleterious action on growth and general well-being of the animals 
as judged by external appearance and autopsy. Similar observation 
has also been made by Myers and Mull (1928) who carried out investigation 
covering four generations of rats, giving them 2 mg. of aluminium in the 
form of potassium aluminium sulphate. They observed that aluminium- 
fed animals had slightly greater initial growth than the control. Mackenzie 
(1932) added aluminiutn as phosphate to the diet of rats but observed no 
noticeable difference between control and aluminized rats as regards growth 
and fertility. Mackenzie also (1931) Abserved that rats receiving diet con- 
taining aluminium excrete the metal entirely by way of alimentary tract. 
There is no clear evidence that any of the aluminium is excreted in the uriue. 
This would suggest that there is no absorption by the internal organs. 

In all the experiments referred to above, aluminium was added in the 
form of chloride, suljjhate or as phosphate to the food material which relates 
more or less to neutral substances. It is probable however that in acid 
solutions aluminium might exert some harmful effect. Kxperiments were 
therefore carried out by feeding animals with acid foodstuffs prepared and 
stored in aluminium vessels. Since there is belief among a certain section 
of people in India that curds prepared in aluminium vessels are injurious 
to health, the effect of feeding curd stored in aluminium vessels were tried 
on the animals. 
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Young rats at an age of days were kept on a diet of wheat chappati 
supplemented with 20 c.c. of curd stored in aluminium vessel for 2-1 to 30 
hours. A set of rats were also kept with curd ])reparcd in glass vessel for 
control. The feeding experiment w’as conducted for six months. 

In Vig. 2, is represented the average growth curve of rats getting curd 
prepared and stored in both glass and aluminium vessels. Tt may be ob- 
served from T'ig. 2 that there is no difference in growth rate between the 
two sets of rats. 



Days under experiment-^ 

Fig. 2. Growth rale of rats on milk curd stored in alumiiiimn and glass vessels. 

©-••o (’urd stored in glass vessel. 

Curd stored hr aluminium vessel. 

Tabwv VII. 


Average increase in iveight of afgroup of rats maintained on wheat 
chappati a 7 id curd prepared in glass and aluminium vessels. 



4 


9 


43 


186 


143 
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The results of Table VII will show that the growth rates of rats fed with 
curd prepared in aluminium vessel were as good as those of the controls. 
The animals maintained perfect health throughout the period of observation. 

Effect on reproduction . — The male and female rats of the previous ex- 
periment which were kept in separate cages before were mated together, 
and the same diet was continued. The females of both the control group 
and those getting curd from aluminium vessel gave birth to the same number 
of litters (11 on an average) out of which eight survived in each case. 

In the second series of experiment rats were kept on rice, rasam and 
vegetables (without milk and milk products) which therefore represents poor 
specimen of diet, ])repared and stored in aluminium vessels. The growth 
rate of both the group of rats were almost the same, although the control 
animal had slight increased growth towards the end, the difference was not, 
however, very significant«(Fig. 3). 



Fir.. 3. Average growth rate of female rats mailtained on rice, rasam and vegetables prepared 
in glass and aluminium vessels. 

0—0 Food prepared in glass ve!..>el. 

M— K Food prepared in ainminium ves;.sel. 

Discussion. 

The results of the present enquiry show that aluminium vessels arc 
only slightly attacked by fruit and vegetable juices when stored at ordinary 
temperature. With tamarind s>..'lution (containing tartaric acid) the quantity 
of aluminium in solution was higher than with other fruit juices. Mrak 
and Cruses (1929) obser\’^ed that aluminium is more resistant to pure citric 
and malic acids than to tartaric acid. Colobraro (1931) boiled lOOc.c. of 
solutions of tartaric and citric acid in aluminium vessel for one hour. In 
100 g. of the substance the following value of aluminium was found. 0-25 
j)er cent, of tartaric acid dissolved 6 'll mg. whereas 3 per cent, citric acid 
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dissolved 6-47 mg. Result of Tabic VI shows that tartaric acid solution 
pH 2 *'2 and containing 19'02c.c. of normal acid dissolved much more 
aluminium than citric acid solution having ])II 2*2 and containing acid equi- 
valent to 2()*Gc.c. of normal acid. It is possible therefore that the amount 
dissolved by acid foodstuffs depends on the nature of organic acid and the 
buffering capacity of the food material. 

Although salt solutions attack aluminium vessel during boiling and 
storage, yet acid foodstuffs containing .salt dissolve only a small amount of 
aluminium in the ordinary process of cooking. If all the articles of food 
containing salt arc prepared in aluminium vessel in the usual w’ay and stored 
for reasonable length of time, the amount of aluminium that will be added to 
the diet of an individual under Indian conditions will be less than 50 mg. 
per day. 

The (juantity of aluminium dissolved by foodstuffs containing salt 
increases if boiling is continued for a long time. Corrosion starts at the 
air-liquid junction. If the .solution after boiling’is left in those containers 
for considerable length of time, pits arc formetl around those white stains. 
Pin pricks have also been observed in many aluminium vessels of liousehold 
use. The formation of such pits in aluminiun^ presents a very undesirable 
appearance and also effects durability. The extent of such corrosion may 
depend on the concentration of salt, time of exposure, the quality of metal 
or alloy employed in the construction of vessels. 

The mechanism of action of salt on aluminium wdtli reference to dissolu- 
tion of metal and ])it formation using various samples of aluminium and wdth 
different concentration of salt both in presence and absence of air and also 
method for protecting such type of corrosion requires further elucidation 
and will form the subject of furtlu i^invcstigations. 

Summary. 

m 

1 . Aluminium vessels appear to be wxll suited for milk and milk pro- 
ducts. 

2. Fruit and vegetable juices dissolve only a small amount of 
aluminium from utensils during storage. The amount of aluminium dissolved 
is not a function of titratable acidity but possibly depends on the nature of 
organic acid present and also the buffering capacity of food material. 

II. The corrosive action of acid foods on aluminium is increased by the 
presence of salt. The amount of aluminium dissolved by tamarind solu- 
tion containing salt during storage is very nearly equal to the sum total of 
the amount of aluminium dissolved by acid and salt taken separately, so that 
each seems to act independent of the presence of the other. 
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4. The amount of aluminium dissolved in the ordinary process of 
cooking is very small, hut in cases when acidic foodstuffs containing salt 
are cooked and stored for fairly long periods in aluminium vessels, the 
maximum that may he added to the daily diet from utensils will he about 
50 mg. 

5. Acidic foodstuffs containing salt after boiling in aluininiutu vessels 
should not he left long in the same vessel where corrosion has already started 
since in many cases, pin pricks may appear at the sides around the points 
of previous attack. 

0. Feeding experiments with rats have shown that food prepared in 
aluminium vessels has no harmful effect on growth, reproduction and general 
well-being of the animals. 

My thanks are due to Prof. V'. Subrahmanyan for his kitid help and 
advice in the course of the investigation. 
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KXPh.ANATlON OF PLATE. 

i‘‘iG. 4. — Showing the scratche.s on an unu.sed vessel <luc to polishing. 

Fig. 5.— Showing nature of corrosion on storing tamarind water and salt for 48 hours. 

Fic. 6. -Showing the complete and uniform etching away of the surface on storing lime, 
pickles for 20 days. ^ 

Fk;. 7. -iMiundations with stains formed at the side ni the vessel near airdiquid junction 
on boiling acid foods containing salt. 
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DILATOMETRIC STUDIES IN THE ENZYMIC 
HYDROLYSIS OF POLYSACCHARIDES. 
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(Communicated by Prof. V. Subrahmanyan, d.sc., F.i.c.) 

It has been shown in oiir previous communications (Sreenivasaya, 
Sreerangachar and Keshava Iyengar, 1934 ; Sreeiiivasa 3 ’'a, Sastri and 
Sreerangachar, 1934 ; Sreerangachar and Sreenivasaya, 1934) that in the 
case of colloidal substances whose molecular weights are unknown, the 
contraction constants could be more appropriate! expressed on the basis 
of release of one of the products of their hydroA’^sis. Thus, during the 
hydrolysis of starch the dilatometric depression per millimol release of 
maltose gives the constant of the system. The course of hydrolysis can 
also be followed by a determination of optical rotation and the fall in rota- 
tion correlated with the dilatometric depression. 

The initial stages of the enzymic digestion of colloids and particularly 
those of the hydrophylic nature, are complicated by changes taking place in 
the physical condition of the substrates prior to cleavage. The destruction 
of their colloidality causes a disturbance in the water balance of the system 
and it has been observed both in the case of proteins (Sreenivasaya, Sastri 
and Sreerangachar, loc. cit.) and starch (Sreerai gachar and Sreeniva.saya, 
loc. cit.) that during this period the <iilatometric depression is not strictly 
proportional either to the liberation |)f the products of hydrolysis or the 
fall in rotation. After this pQfiod, hojvcvcr, they bear a linear relationship 
to each other. Thus for malt-diastose-starch system the depression per 
millimol release of maltose is 3-9 while tlie depression per degree fall in 
rotation is 6-8. 

The present investigation relates to a dilatometric study of the hydro- 
lysis of starch and its two main constituents amylose and amylopectin by 
Takadiastase which is classed by Kuhn (Richard Kuhn, 1924) as an 
a-diastase. 

Experimental. 

lyintner's solulde starch auA a preparation of takadiastase (Parke Davis 
& Co.) were used for the first series of experiments descrilxd in this communi- 
cation Potato starch was a preparation from Kahlbaum. Amyloijectin 
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was prepared from potato starch by the method of lying and Nanji (Ling 
and Nanji, a 2% starch paste being frozen to — 10®C. with ice and 

salt mixture and kept at that temperature for 10-12 hours. On slowly 
raising the temperature of the frozen mass to G()° C. accomi)anied by con- 
stant stirring, the amylose goes into solution leaving a centrifugable preci- 
pitate of amylopectin which is purified by washing on the centrifuge. 

The amylopectin (A^) thus obtained can be ])rccipitated v.ith alcohol 
and dried into the form of a white ])owdcr, which, however, was found to be 
diilicultly soluble in water. In an experiment the wet precipitate was 
therefore directly dispersed in hot water which on boiling gelatinised to a 
thick viscous paste. This was made up to the recjuired strength with the 
phosphate bulTer at 5*3. 

Another preparation of amylopectin (Ag) was obtained by the method of 
lickert and Marziii (Kckert and Marziii, 11>32). Potato starch (25 g.) was 
refluxed with 300 c.c. of\ methyl alcohol and 2 c.c. of concentrated sulphuric 
at'id ov’er a water bath uptil the starch dM not yield any blue colouration 
with iodine. The gran'ular white suspension consisting of amylopectin is 
filtered off on a gooch, washed rc])eatedly with alcohol to remove tlic last 
traces of acid, finally wdth ether and dried in a desiccator. 

Ill the case of soluble starch two concentrations of substrate (1 and 2 
per cents.) have been employed while in the case of other ])re]>aratioiis only 
one concentration has been employed. A one per cent, concentration of 
the ejizyme was cm])loyed in all cases, and the volume ratio of substrate 
to enzyme was 10 : 1. All experiments were carried out at 30'" C. and p„ 5 -3 
maintained by Sorenson’s ])hosi)hate bulTcr. The dilatonietric determina- 
tions were carried out in the two bulb dilatoineter described before 
(1932). The reaction was simultaneously carried out in a separate 
flask from which 20 c.c. aliquots of ^the reaction mixture w-erc 
drawn at known intervals and treated with 5 e.c. of alkali solution to arrest 
the enzyme action and niiita rotation. This mixture wais subsequently 
employed for the determination of the reducing sugars by Hertramrs method 
and of optical activit)\ In the case of i)otato starch and aiindopcctin 
(Ai) nieasureJiicnts of optical rotation could not l)e carried out on account 
of the high opalescence of tlie reaction mixture. 

The determination of the optical rotation was carried out in a 100 mm. 
tube at 30" L'. It was observed that the use of N/2 sodium hydroxide to 
arrest the enzyme action led to the destruction of some sugars thus giving 
a higher value for the fall in rotation. Uut when however a solution of 2N 
sodium carbonate i.s used for the purpose, the rotations observed are constant 
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for a considerable length of time showing thereby’ that there is no destruction 
of sugars within this period as revealed by Table I. 


Table I. 


Time allowed for 
Reaction 


Ihirution of Contact 
of the KcaiUion 
Mixture 


30 mins. 


15 mins. 
180 „ 
20 lira. 


13 


Concentration of the Alkali 
added 


n; 2 NaOri 


2N 


2*38 

2-10 

1-93 

1-58 


Soda 


2-52 

2-51 

2-50 

2-53 


120 mins. 


^ 15 mins. 
1.180 „ 

I 20 lirs. 

L 13 „ 


2 • 23 

1.^2 


2-39 

2-37 

2-35 

2-30 


• ! y / 

For convcinciicc the results are given in two sets of gra])hs, one dealing 
with the hydrolysis of soluble starch and the otlier* with potato starch and 
arnylopectin. 

Figs. I, 2 and 3 give the ex])erinicntal values for dilatometric depres- 
sions, maltose values and changes in optical rotation when soluble starch 
is hydrolysed by Takadiastase. The dejnession in mm.® per millimol release 
of maltose for different intervals of time, calculated from these grai)hs, is 
given in Table II, while Table III gives the depression in mm.® per degree 
change of rotation, h'ig. 1 shows the relationship between the dilatometric 
depressions on the one hand and the corresponding maltose values and optical 
rotations on the other. 
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Tabi^K TT. Soluble Starch, 

Dilatometric Depression in mm,^ per millimol release of maltose. 


Substrate Concen- 
tration per cent. 

Time in Minutes 

30 

40 

60 

90 

120 

180 

240 

1-0 

4-0 

4.0 

4.0 


m 

4.1 1 

4-2 

2*0 

4.1 

D 

4.0 

Bi 

B 

4-0 

4.1 





hnzymtc Hydrolysis of Polysaccharides 


337 



!l 

•8 g 


C3 


A. CorroLition lietween cHl. depression and maltose icleased. 
li. Correlation between dil. depression and ^all in bptiral rotation. 

Tabt.k hi. 

Dilatomelric Depression in mm? per decree change of roiation. 


Substrate Concentra- 

Time in Minutes 

tion per cent. 

30 

60 

90 

120 

180 

240 

1.0 

10.5 

9-8 

10-0 

I 

10-0 

10-6 

10. 1 

2-0 

•• 

10-7 

jlO -2 

10-3 

10-5 

10-7 


An cxEiniinatioii of thcsc^raphs fcnd tables reveals that there is a linear 
relationship between the dilatometril fall and the amount of reducing sugars 
released during the hydrolysis. Such a relationship has also been found 
to exist between the dilatometril and the polarimetric values as c’^-'be 
observed from Fig. 4. The Kinetics of the reaction can therefore be followed 
by any of the three methods, all of them being interrelated to each other as 
already shown. The average dilatoinetric depression per millimol release 
of maltose is 4-0 mm.® while per degree fall of rotation the average dilato- 
metric value amounts to 10 -3 mm.® 

Hydrolysis of Potato Starch and Amylopectin. 

In order to investigate individually the volume changes involved during 
the hydrolysis of the two main constituents of starch, amylose and 
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amylopectin, another substrate, namely, potato starch in which these two 
constituents occur in a different propoition, was also subjected to the enzymic 
digestion. I^ater on amylose and amylopectin were obtained separately by 
methods already mentioned and employed as substrates. Of the amylopectins, 
only the amylopectin (Aa) prepared by methyl alcoholic HCl method ad- 
mitted of a determination of the optical rotation while both potato starch 
and the other am3doi^ectiri preparation (A,) were too viscous and turbid for 
the purpose. 



Fig. 5. nilatometer Values. 

0—0 Potato starch. Amylopectin Ai. Amylopectin A 2. 



9^ Potato starch. Amylopectin Ai. A— Amylopectin A2> 
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Figs. 5 and (> rospcctivclj' yrepresent the experimental results of 
dilatomctric depressions and maltose values while changes of optical rotation 
for the amylopcctiii (Aj) arc given in l-'ig. 7. The correlations between the 
dilatomctric depressions and the maltose values on the one hand and the 
fall in the rotation on the other are given in Table IV and graphically repre- 
sented in Fig. 8. 

Table V gives tlxe summary of all the results obtained during the 
investigation. 
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Table IV. 


Substrate 


Concentration 
of Suijstrate 
per cent. 


Time in Minutes. 



Depression per millimol release of maltose. 


Potato starch 

2 3-9 4-0 4-0 4-0 

4.0 

4.1 

4-2 

Amyloso 

- _ _ _ 3.0 

3.7 

3.6 

— ■ 

Amylopectin A^ 

- 3.0 3*7 3.8 3.8 

3-8 

3.8 

— 

Amylopectin Ag 

2 3.5 3.8 3-9 4.0 

4.0 

4.0 

— 


Depression per de^free fall in rotation. 

1 



Amylopectin A, 

2 . 11.5 10.0 10.7 10.0 

10.0 

10-6 

10.3 


Tablk V. 



Df'pressiou per 
nuilimol release 
of maltose 

Depression per 
degree fall in 
rotation 

Soluble starch 

■ 10 * 

10.3 

Amyloso 

3-0 

— 

Amylopectin 

3.0 

- 

Amylopectin Ag 

^ 3-7 

10-7 

Potato starch 

*.o 

- 


is shown by Table V that the vali es for the dilutometric depression 
per millimol release of maltose for these several substrates, namely, soluble 
starch, potato starch, aniylos^ and amylopectin, all lie very near each other 
and in the proximity of the value obtained tor soluble starch-malt diastase 
system. The ^wo amylopectin preparations which differed considerably in 
their viscosities due probably to the dephosphorolysing of Ag during its 
preparation, agree very .strikingly with regard to their constants. Further 
the dilatometric depressions per degree fall in rotation in the case of 
soluble starch and amylopectin Ag closely agree with each other. These 
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results point to the conclusion that the depression in volume registered by 
the dilatometcr is related to the release of one mol of maltose and 
appears to be independent of the nature of the substrates, amylose and 
amylopectin. 

These studies also indicate the possibility of employing the dilatometer 
to determine the relative digestibilities of different starches on the basis of 
the maltose released. ^ 

In conclusion, I wish to express my grateful thanks to Mr. M . Sreenivasaya 
for his kind help rendered throughout this work. 

Summary. 

(1) A dilatometric study of the hydrolysis of soluble starch with taka- 
diastase has been carried out in the two-bulb dilatometer. 

(2) The depression per millimol release of maltose and the depression 
per degree fall in rotation are found to be i *0 and l!)*7 respectively. 

(3) Potato starch and the amylopectins prepared by two distinctly 
different methods have also been subjected to similar dilatometric studies. 
The depressions per inilliLiol release of maltose are 4-0, 3 *0 and 3-7 
respectively. In the case of amylopectin preparid by Eckert and Marzin's 
method, the depression per degree fall in rotation is 10-7, a value which 
agrees very well with that for soluble starch. 

(4) It is suggested that the dilatometer offers a convenient method 
for studying the relative digestibilities of starches from various sources. 
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